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ALKALINITY

Method 310.1 (Titrimetric, pH 4.5)

STORET NO. 00410

1. Scopeand A;pplication

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes. : -

1.2 The method is suitable for all concentration ranges of alkalinity; however, appropriate
aliquots should be used to avoid a titration volume greaier than 50 ml.

1.3 Automated titrimetric analysis is equivalent.

2. Summary of Method

2.1  An unaltered sample is titrated to an electrometrically determined end point of pH 4.5.

The sample must not be filtered, diluted, concentrated, or altered in any way.
3. Comments '

3.1 The sample should be refrigerated at 4°C and run as soon as practical. Do not open
sample bottle before analysis. I

3.2 Substances, such as salts of weak organic and inorganic acids present in large amounts,
may cause interference in the electrometric pH measuremsnts.

3.3 For samples having high concentrations of mineral acids, such as inine wastes and
associated receiving waters, titrate to an electrometric endpoiut of pH 3.9, using the
procedure in: '

Annual Book of ASTM Standards, Part 31, “Water”, p 115, D-1067, Method D, (1976).

3.4 Qil and grease, by coating the pH electrode, may also interfere, causing sluggish
response.

4.  Apparatus

4.1 pH meter or electrically operated titrator that uses a glass electrode and can be read to
0.05 pH units. Standardize and calibrate according to manufacturer’s instructions. If
automatic temperature compensation is not provided, make titration at 25 :2°C.

4.2 Use an appropriate sized vessel to keep the air space above the solution at 2 minimum.
Use a rubber stopper fitted with holes for the glass electrode, reference electrode (or
combination electrode) and buret.

4.3 Magnetic stirrer, pipets, flasks and other standard laboratory equipment.

4.4 Burets, Pyrex 50, 25 and 10 ml.

5. Reagents '

5.1 Sodium carbonate solution, approximately 0.05 N: Place 2.5 t0.2 g (to nearest mg)
Na,CO, (dried at 250°C for 4 hours and cooled in desiccator) into a | liter volumetric
flask and dilute to the mark.

Approved for NPDES
Issued 1971
Editorial revision 1978

310.1-1
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qgnv) Designation: D 421 - 85

Standard Practice for

Dry Preparation of Soil Samples for Particle-Size Analysis and

Determination of Soil Constants’

This standard is issued under the fixed designation D 421; the number immediately following the designation indicates the year of
onginal adoption or. in the casc of revision. the year of last revision. A number in parcntheses indicates the year of last reapproval. A
supersenpt epsilon (¢} indicates an editonal change since the last revision or reapproval.

i. Scope

1.1 This practice covers the dry preparation of soil samples
as received from the field for particle-size analysis and the
determination of the soil constants.

1.2 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 2217 Practice for Wet Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil
Constants®

E it Specification for Wire-Cloth Sieves for Testing
Purposes®

3. Significance and Use

3.1 This practice can be used to prepare samples for par-
ticle-size and plasticity tests where it is desired to determine
1est values on air-dried samples, or where it is known that air
drying does not have an effect on test results relative to
samples prepared in accordance with Practice D 2217.

4. Apparatus

4.1 Balance, sensitive to 0.1 g.

4.2 Mortar and Rubber-Covered Pestle, suitable for break-
ing up the aggregations of soil particles. ]

4.3 Sieves—A series of sieves, of square mesh woven wire
cloth, conforming to Specification E 11. The sieves required
are as follows: -

No. 4(4.75-mm)

No. 10 (2.00-mm)
No. 40 (425-um)

.4.4 Sampler—A riffle sampler or sample splitter, for quart-
tring the samplcs.

. ' This practice is under the junsdicton of ASTM Committee D18 on Saet and
Rock und 1s the direct responsimity of Subcommittee IS 03 on {evure, Plasticity,
= Density Charactenisios of Soih,
Current edition approved July 26, 1983 Published September 1988 Ougnally
Mublished a5 [ 421 = 35 T. Last presious editon 1421 - SX (1978
'I.llllmul Book of ASTAS Standardy, N ol 03 Us.
lnnual Book of ASTM Standurds, Vot 1402,

5. Sampling

5.1 Expose the soil sample as received from the field to the
air at room temperature until dried thoroughly. Break up the
aggregations thoroughly in the mortar with a rubber-covered
pestle. Select a representative sample of the amount required
to perform the desired tests by the method of quartering or
by the use of a sampler. The amounts of material required to
perform the individual tests are as follows:

5.1.1 Particle-Size Analysis—For the particle-size analysis,
material passing a No. 10 (2.00-mm) sieve is required in
amounts equal to 115 g of sandy soils and 65 g of either silt
or clay soils.

5.1.2 Tests for Soil Constants—For the tests for soil con-
stants, material passing the No. 40 (425-y1m) sieve is required
in total amount of 220 g, allocated as follows:

Test Grams
Liquid limit 100
Plastic limit . : 1S
Centrifuge moisture equivalent 10
Volumetric shrinkage 30
Check tests [}

6. Preparation of Test Sample

6.1 Select that portion of the air-dried sample selected for
purpose of tests and record the mass as the mass of the total
test sample uncorrected for hygroscopic moisture. Separate
the test sample by sieving with a No. 10 (2.00-mm) sicve.
Grind that fraction retained on the No. 10 sieve in a mortar
with a rubber-covered pestle until the aggregations of soil
particles are broken up into the separate grains. Then separate
the ground soil into two fractions by sieving with a No. 10
sieve.

6.2 Wash that fraction retained after the second sieving
free of all fine material, dry, and weigh. Record this mass as
the mass of coarse material. Sieve the coarse material, after
being washed and dried, on the No. 4 (4.75-mm) sieve and
record the mass rctained on the No. 4 sieve,

7. Test Sample for Particle-Size Analysis

7.1 Thoroughly mix together the fractions passing the No
10 (2.00-mm) sicve in both sicving operations. and by the
method of quariering or the use of a sampler, select 4 portion
weighing approximately 115 g for sandy soils and approw.
mately 65 g for silt and clay soil tor particle-size analysis

8. Test Sample for Soil Constants

8.1 Separate the remaining portion of the matenal pasaing
the No. 10 (2.00-mm) sicve into twao parts by means of a Na
40 (425-um) sieve. Discard the fraction retained on the No
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i D 421

40 sieve. Use the fraction passing the No. 40 sicve for the  determination of the soil constants, i . o

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of infringement ol such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments ace invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive carefl consideration at 8 meeting of the responsible
technical committes, which you may attend. if you feel that your comments have not received & fair hearing you shoukd make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadeiphia, PA 19103,

.
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qsw Designation: D 422 - 63 (Reapproved 1972)¢’

Standard Method for
Particle-Size Analysis of Soils’

This standard is issued under the fixed designation D 422: the number immediately following the designation indicates the year of
original adoption or. 1n the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢} indicates an editonial change since the last revision or reapproval,

¢! NoTe—Section 2 was added editorially and subsequent sections renumbered in July 1984,

1. Scope

1.1 This method covers the quantitative determination of
the distribution of particle sizes in soils. The distribution of
" particle sizes larger than 75 pm (retained on the No. 200
sieve) is determined by sieving, while the distribution of
particle sizes smaller than 75 pm is determined by a
sedimentation process, using a hydrometer to secure the
necessary data (Notes 1 and 2).

Note 1-—Separation may be made on the No. 4 (4.75-mm), No. 40
(425-um), or No. 200 (75-1m) sieve instead of the No. 10. For whatever
sieve used, the size shall be indicated in the report.

Note 2--Two types of dispersion devices are provided: (/) a
high-speed mechanical stirrer, and (2) air dispersion. Extensive investi-
gations indicate that air-dispersion devices produce a more positive
dispersion of plastic soils below the 20-um size and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle size distribu-
tion, especially for sizes finer than 20 pum.

2. Referenced Documents

2.1 ASTM Standards:

D421 Practice for Dry Preparation of Soil Samples for
Particle-Size Analysis and Determination of Soil
Constants® )

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a No. 10 (2.00-mm) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sicve.

3.2 Stirring Apparatus-—Either apparatus A or B may be
used.

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirring device in which a suitably mounted clectric
motor turns a vertical shaft at a speed of not less than 10 000
rpm  without load.” The shaft shall be cquipped with a

' This method is under the juasdiction of ASTM Commattee D-1% on Soit and
Rock and is the direct responsibility of Subcomnuiice DISO3Y on levure,
Plastierty, and Density Characteristics of Soils.

Current edition approved Nov, 21, 1963. Originally published 1935, Replaces
)43 -6,

? tnnnal Book of ASTAL Standards, Vol 04,08,

Y Annual Bk of ASTM Standards, Vol 14,02,

* Annual Book of ASTM Standards, Vol 14.01.

replaceable stirring paddie made of metal, plastic, or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stirring paddle will operate not less than % in. (19.0
mm) nor more than 1'% in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming’to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup® (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

Note 3—The amount of air required by an air-jet dispersion cup is
of the order of 2 ft¥/min; some small air compressors are not capable of
supplying sufficient air to operate a cup.

Note 4-—Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidson at lowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When it is used, soaking of the sample can be done in the
sedimentation cylinder, thus eliminating the nieed for transferring the
slurry. When the air-dispersion tube is used, it shall be so indicated in
the report.

NoTte 5—Water may condense in air lines when not in use. This
water must be removed, cither by using a water trap on the air line, or by
blowing the water out of the line before using any of the air for

dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimentation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2% in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 + 2 cm from the
bottom on the inside. o o

3.5 Thermometer —A
(0.5°C).

3.6 Sieves—A series of sicves, of squarc-mesh woven-wire
cloth, conforming to the requirements of Specification £ 11
A full set of sieves includes the following (Note 6):

thermometer accurate to I°'F

Y Detaded working drawings for this cup are avanlable at 3 aonunal cost tram
the Amencan Society for Testing and Matenals, 1916 Race St Plubadeiping, '\
19103, Order Adjunct No, 12-404220-4X)
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{a) .
Moetric Equivalents :ﬁ
in, 0.001 0.049 0.203 N e 1}
mm 0.03 1.24 5.16 127 19.0 5
FIG. 1 Detall of Stiming Paddies ) '}%
V 1
3-in. (7S-mm) No. 10 (2.00-mm) . - M
2:in. (50-mm) No. 20 (850-um) fo——— 3 75" dlom ——— —— 3 % “dlorn. —
{%-in. (37.5-mm) No. 40 (425m) < r‘
1-in. (25.0-mm) No. 60 (2504:m)
Yein. (19.0-mm) No. 140 (106-um)
H-in. (9.5-mm) No. 200 (75-um) P g
ermanent Removable
No. 4 (4.75-mm) Baffle Baffle ,
Note 6—A set of sieves giving uniform spacing of points for the Rods Rods
graph, as required in Section 17, may be used if desired. This set consists } 4
of the following sicves: 7" a1
3-in, (75-mm) No. 16 (1.18-mm) H1]: .
1%-in. (37.5-mm) No. 30 (6004m) A B t
Ye-in. (19.0-mm) No. 50 (300-jsm) Baffle / !
Yorin. (9.5-mm) No. 100 (150-um) Lecation ]
No. 4 (4.75-mm) No. 200 (7S-um) Plan i
No. 8 (2.36-mm) l s ifg =3
3.7 Water Bath or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant temperature during the < o ,
hydrometer analysis. A satisfactory water tank is an insulated 2 Qe
tank that maintains the temperature of the suspension at a
convenient constant temperature at or near 68°F (20°C). K— 26 "dlirm —
Such a device is illustrated in Fig. 4. In cases where the work ) ’
is performed in a room at an automatically controlled .
constant temperature, the water bath is not necessary. ' Metric Equivaients
3.8 Beaker—A beaker of 250-mL capacity. o ;53 gg 92;5

3.9 Timing Device—A watch or clock_with a second
hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used in distilled or
demineralized water. at the rate of 40 g of sodium
hexametaphosphate/litre of solution (Note 7).

Note 7—Solutions of this salt, if acidic, slowly revert or hydrolyze
back to the orthophosphate form with a resultant decrease in dispersive
action. Solutions should be prepared frequently (at least once a month)
or adjusted to pH of 8 or 9 by mcans of sodium carbonate. Bottles
containing solutions should have the date of preparation marked on
them,

4.2 All water used shall be either distlled or
demineralized water. The water for a hydrometer test shall

FIG. 2 Dispersion Cups of Apparatus

be brought to the temperature that is expected to prevail
during the hydrometer test. For example, if the sedimenta-
tion cylindcr is to be placed in the water bath, the distilied or
demineralized water to be used shall be brought to the
temperature of the controlled water bath; or, if the sedimen-
tation cylinder is used in a room with controlled tempera-
ture, the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test is 68°F

(20°C). Small vanations of tecmperature do not introduce

differences that are of practical significance and do not
prevent the use of corrections derived as prescribed.
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5. Test Sample — p—
5.1 Prepare the test sample for mechanical analysis as | pesesssazsssssssaccsoms —: == T
outlined in Practice D 421. During the preparation proce- ,_J @ MU
dure the sample is divided into two portions. One portion 5 168
contains only particles retained on the No. 10 (2.00-mm) "4‘
sieve while the other portion contains only particles passing oo T
the No. 10 sieve. The mass of air-dried soil selected for 2 snivinintteteieintebet i sieteietsininiitr i {3
purpose of tests, as prescribed in Practice D 421, shall be otonzed Sheet Metoltod P
sufficient to yield quantities for mechanical analysis as "°"°,. Copint e ___] _______ R
fllows: BN SN ogsbop i o I
5.1.1 The size of the portion retained on the No. 10 sieve L X §
shall d on the maximum size of particle, according to 3
the following 3shedule: 3
Nominal eter of
icles, Approximate Minimum
in (mm)\ Mass of Portion, g
% (9.5) . 500 Metric Equivatents
,’/' 222; ;233 n. "% 1 3 6% 14 37
§ 322; % FIG. 4 Insulated Water Bath

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
¢ for silt and clay soils.

5.2 Provision is made in Section 5 of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calculated in accordance with 12.1.

Nore 8-—A check on the mass values and the thoroughness of
pulverization of the clods may be secured by weighing the portion

passing the No. 10 sieve and adding this value to the mass of the washed
ind oven-dried portion retained on the No. 10 sicve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
(2.00-mm) SIEVE
8. Procedure

6.1 Scparate the portion retained on the No. 10 (2.00-
Mm) sieve into a series of fractions using the 3-in. (75-mm),

2-in. (50-mm), lt-ia. (37.5-mm), l-in. (25.0-mm), Yein,
(19.0-mm), %-in. (9.5-mm), No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve, accompanied by a jarnng
action in order to keep the sample moving continuously over
the surface of the sieve. In no case turn or manipulate
fragments in the sample through the sicve by hand. Continue
sicving until not more than 1 mass % of the residuc on a
sicve passes that sieve dunng | min of sieving. When
mechanical sieving is uscd, test the thoroughness of sievinyg
by using the hand method of sicving as described above.

6.3 Determine the mass of cach fraction on a bhalance
conforming to the requircments of 3.1. At the cnd of
weighing, the sum of the masses retained on all the sieves
used should equal closely the onginal mass of the quanuty

sieved. .
300530
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 (2.04-mm) SIEVE

7. Determination of Composite Correction for Hydrometer
Reading

7.1 Eguations for percentages of soil remaining in suspen-
sion, as given in 14.3, are based on the use of distilled or
deminecralized water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting hquid is
appreciably greater than that of distilled or demineralized
water.

7.1.1 Both soil hydrometers are calibrated at 68°F (20°C),
and vanations in temperature from this standard tempera-
ture produce inaccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the variation
from the standard temperature increases.

7.1.2 Hydrometers arc graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possible to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
items enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
corrections for a series of 1° temperature differences for the
range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interme-
diate temperatures calculated assuming a straight-line rela-
tionship between the two observed values,

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same
proportion as will prevail in the sedimentation (hydrometer)
test. Place the liquid in a sedimentation cyclinder and the
cylinder in the constant-temperature water bath, set for one
of the two temperatures to be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and,
after a short interval to permit the hydrometer to come to the
temperature of the liquid, read the hydrometer at the top of
the meniscus formed on the stem. For hydrometer 151 H the
composite correction is the difference between this reading
and one; for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hydrometer to
the other temperature to be used, and secure thHe composite
correction as before.

8. Hygroscopic Moisture

8.1 When the sample is weighed for the hydrometer test,
weigh out an auxiliary portion of from 10 to 15 g in a small
metal or glass container, dry the sample to a constant mass in
an oven at 230 £ 9°F (110 £ 5°C), and weigh again. Record
the masses.

9. Dispersion of Soil Sample

9.1 When the soil is mostly of the clay and silt sizes, weigh
out a sample of air-dry soil of approximately 50 g. When the
soil 1s mostly sand the sample should be approximately 100
g.

9.2 Place the sample in the 250-mL beaker and cover with
125 mL of sodium hexametaphosphate solution (40 g/L).
Stir until the soil is thoroughly wetted. Allow (o soak for at
least 16 h.

9.3 At the end of the soaking period, disperse the sample
further, usxng cither stirring apparatus A or B. If stirring
apparatus A is uscd, transfer the soil - water slurry from the
beaker into the special dispersion cup shown in Fig. 2,
washing any residue from the beaker into the cup with |
distilied or demineralized water (Note 9). Add distilled or |
demineralized water, if necessary, so that the cup is more%
than half full. Stir for a period of 1 min.

NoTE %A large size syringe is a convenient device for handling the
water in the washing operation. Other devices include the wash-water
bottle and a hose with nozzle connected to a pressurized distilled wztcri
tank.

9.4 If stirring apparatus B (Fig. 3) is used, remove the
cover cap and connect the cup to a compressed air supply by
means of a rubber hose. A air gage must be on the line
between the cup and the control valve. Open the control
valve so that the gage indicates | psi (7 kPa) pressure (Note
10). Transfer the soil - water slurry from the beaker to the
airjet dispersion cup by washing with distilled or
demineralized water. Add distilled or.demineralized water, if
necessary, so that the total volume in the cup is 250 mL, but’
no more, .

NoTE 10—The initial air pressure of ! psi is required to prevent the
soil - water mixture from entéring the air-jet chamber when the mrxzurt
is transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the air
control valve until the gage pressure is 20 psi (140 sz)
Disperse the soil according to the following schedute:

Dispersion Period,

!

Plasticity Index min
Under § 5
61020 10
Over 20 15

Soils containing large percentages of mica need be dispersed
for only 1 min. After the dispersion period, reduce the gage
pressure to | psi preparatory to transfer of soil - water slurry
to the sedimentation cylinder.

10. Hydrometer Test f

10.1 Immediately after dispersion, transfer the soil - watcr
slurry to the glass sedimentation cylinder, and add distilled
or demineralized water until the total volume is 1000 mL. |

10.2 Using the palm of the hand over the open end of the
cylinder (or a rubber stopper in the open end), turn the
cylinder upside down and back for a period of | min to
complete the agitation of the slurry (Note 11). At the end of
1 min sct the cvlinder in a convenient location and take
hydrometer readings at the following intervals of time
(measured from the beginning of sedimentation), or as many
as may be needed, depending on the sample or the specifica-
tion for the material under test: 2, 5, 15, 30, 60, 250, and

1440 min. If the controlled water bllh 1s used, the sedimen-
tation cvlinder should be placed in the bath between the 2- i
and S-min readings.

Note 11—The number of turns during this minute should be
approximately 60. counting the turn unside dowmepy Blcinstwo Jum&‘

3
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any soil remaining in the bottom of the cylinder during the first few
qurns should be loosened by vigorous shaking of the cylinder while it is
in the inverted position.

10.3 When it is desired to take a hydrometer reading,
carcfully insert the hydrometer about 20 to 25 s before the
reading is duc to approximately the depth 1t will have when
(he reading is taken. As soon as the reading is taken, carefully
remove the hydrometer and place it with a spinning motion
in a graduate of clean distilled or demineralized water.

NoTe 12—It is important to remove the hydrometer immediately
after each reading. Readings shall be taken at the top of the meniscus
formed by the suspension around the stem, since it is not possible to
secure readings at the bottom of the meniscus.

10.4 After cach reading, take the temperature of the
suspension by inserting the thermometer into the suspen-
sion.

11. Sieve Analysis

11.1 After taking the final hydrometer reading, transfer
the suspension to a Na. 200 (75-um) sieve and wash with tap
water until the wash water is clear. Transfer the material on
the No. 200 sieve to a suitable container, dry in an oven at
230 + 9°F (110 = 5°C) and make a sieve analysis of the
portion retained, using as many sieves as desired, or required
for the material, or upon the specification of the matenal
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

12.1 Calculate the percentage passing the No. 10 sieve by
dividing the mass passing the No. 10 sieve by the mass of soil
oniginally split on the No. 10 sieve, and multiplying the result
by 100. To obtain the mass passing the No. 10 sieve, subtract
the mass retained on the No. 10 sieve from the original mass,

12.2 To secure the total mass of soil passing the No. 4
(4.75-mm) sieve, add to the mass of the material passing the
No. 10 sieve the mass of the fraction passing the No. 4 sieve
and retained on the No. 10 sieve. To secure the total mass of
soil passing the %-in. (9.5-mm) sieve, add to the total mass of
soil passing the No. 4 sieve, the mass of the fraction passing
the %-in. sieve and retained on the No. 4 sieve. For the
remaining sieves, continue the calculations in the same
Jnanner.

12.3 To determine the total percentage passmg for each
sieve, divide the total mass passing (see 12.2) by the total
mass of sample and multiply the result by 100.

13. Hygroscopic Moisture Correction Factor

13.1 The hydroscopic moisture correction factor is the
ratio between the mass of the oven-dried sample and the
air-dry mass before drying. It is a2 number less than one,
except when there is no hygroscopic motsture.

4. Percentages of Soil in Suspension

14.1 Calculate the oven-dry mass of soil used in the
hydrometer analysis by mulnplymg the air-dry mass by the
hygroscopic moisture correction factor.

9t

TABLE 1 Values of Correction Factor, a, for Different Specific

Gravities of Soil Particles?

Specfuc Graw(y

Oon'ectton Factor®

295 0.94
290 0.95
2.85 0.96
2.80 0.97
2.75 0.98
2.70 0.99
2.65 1.00
2.60 1.01
2.55 1.02
2.50 1.03
2.45 1.05

4 For use in equation for percentage of soil remaining in suspension when using
Hydrometer 152H.

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10
(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight W in the equation for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows {Note 13): For
hydrometer 151H:

P = (100 000/} X G/(G — G,)KR — G))

NoTe 13—The bracketed portion of the equation for hydrometer
151H is constant for a series of readings and may be calculated first and
then muitiplied by the portion in the parentheses.

For hydrometer 152H:
P = (Ra/W) x 100

where:

a = correction faction to be applied to the reading of
hydrometer 152H. (Values shown on the scale are
computed using a specific gravity of 2.65. Correction
factors are given in Table 1),

percentage of soil remaining in suspension at the level
at which the hydrometer measures the density of the
suspension,

hydrometer reading with composite correction ap-
plied (Section 7),

oven-dry mass of soil in a total test sample repre-
sented by mass of soil dispersed (see 14.2), g,

specific gravity of the soil particles, and

specific gravity of the liquid in which soil particles are
suspended. Use numerical value of one in both
instances in the equation. In the first instance any
possible variation produces no significant effect, and
in the second instance, the composite correction for R
is based on a value of one for G,.

15. Diameter of Soil Particles

15.1 The diamecter of a particle corresponding to the
percentage indicated by a given hydrometer reading shall be
calculated according to Stokes’ law (Note 14), on the basis
that a particle of this diameter was at the surface of the
suspension at the beginning of sedimentation and had settled
to the level at which the hydrometer is measuring the density
of the suspension. According to Stokes’ law:

D = J{301/980(G = G X L/T

300532
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where: .
D = diamcter of particle, mm,
n = coefTicient of viscosity of the suspending medium (in

this case water) in poises (varics with changes in
temperature of the suspending medium),

L = distance from the surface of thc suspension to the
lcvel at which the density of the suspension is being
measured, cm. {For a given hydrometer and sedimen-
tation cylinder, values vary according to the hydrom-
eter readings. This distance is known as effective
depth (Table 2)),

= interval of time from beginning of sedimentation to

the taking of the reading, min,

specific gravity of soil particles, and

specific gravity (relative density) of suspending me-

dium (value may be used as 1.000 for all practical

purposes).

Note 14—Since Stokes’ law considers the terminal velocity of a
single sphere falling in an infinity of liquid, the sizes calculated represent
the diameter of spheres that would fall at the same rate as the soil

particles.

15.2 For convenience in calculations the above equation
may be written as follows;

D=KJLT

Qa N
o

where:

K = constant depending on the temperature of the suspen-
sion and the specific gravity of the soil particles. Values
of K for a range of temperatures and specific gravities
are given in Table 3. The value of K does not change for
a series of readings constituting a test, while values of L
and T do vary.

15.3 Values of D may be computed with sufficient accu-
racy, using an ordinary 10-in. slide rule.

Note 15~—The value of L is divided by T using the A~ and B-scales,
the square root being indicated on the D-scale. Without ascertaining the
value of the square root it may be multiplied by X, using either the C- or
CI -scale.

16. Sieve Analysis Values for Portion Finer than No. 10
(2.00-mm) Sieve

16.1 Calculation of percentages passing the various sieves
used in sieving the portion of the sample from the hydrom-
eter test involves several steps. The first step is to calculate

- the mass of the fraction that would have been retained on the
No. 10 sieve had it not been removed. This mass is equal to
the total percentage retained on the No. 10 sieve (100 minus
total percentage passing) times the mass of the total sample
represented by the mass of soil used (as calculated in 14.2),
and the result divided by 100.

16.2 Calculate next the total mass passing the No. 200
sieve. Add together the fracttonal masses retained on all the
sieves, including the No. 10 sieve, and subtract this sum from
the mass of the total sample (as calculated 1n 14.2).

16.3 Calculate next the total masscs passing cach of the
other sicves, in @ manner similar to that given in 12,2,

16.4 Calculate last the total percentages passing by di-
viding the total mass passing (as caiculated in 16.3) by the
total mass of sample (as calculated in 14.2), and multiply the
result by 100.

v
TABLE 2 Values of Effective Depth Based on Hydrometer and*
Sedimentation Cylinder of Specified Sizeg4 .3
Hydrometer 151H Hydrometer 1524 F
Actuat EtHective Actuai Effective Actuat Effective
Hydrometer  Depth, Hydrometer Depth, Hydrometer Depth, a
Reading L.cm Reading L, om Reading L. cm K
1,000 16.3 0- 163 31 12
1.00t 160 1 16.1 32 11 'd
1.002 15.8 2 16.0 33 109
1.003 15.5 3 15.8 34 107 §
1.004 15.2 4 15.6 35 10.6
1.005 15.0 5 15.5 ’?
1.006 147 6 153 36 104
1.007 14.4 7 15.2 37 10.2
1.008 142 8 15.0 38 1047
1.009 13.9 9 148 39 98 '3
1.010 13.7 10 147 40 9.7 ’—E?
1.011 13.4 11 145 41
1.012 13.1 12 143 42
1.013 129 13 14.2 43
1.014 126 14 14.0 44
1.015 123 15 138 45
1.018 12.1 16 13.7 48
1.017 11.8 17 135 47
1.018 115 18 133 48
1.019 113 19 13.2 49
1.020 11.0 20 130 - 50
1.021 10.7 21 129 51
1.022 105 22 127 52
1.023 10.2 23 125 53
1.024 10.0 24 124 54
1.025 9.7 25 12.2 55
1.026 9.4 26 120 58
1.027 9.2 27 19 57
1.028 8.9 28 1.7 58
1.029 86 23 11.5 59
1.030 8.4 30 1.4 &0
1.031 8.1
1.032 7.8 .
1.033 76 X
1.034 73 T
1.035 7.0 $
1.036 6.8 N
1.037 6.5 E
1.038 6.2 4
A Values of effective depth are caiculated from the equation: t
Lty + 1Ly - (ValA) i
where:
L = effective depth, cm, i
L, = distance along the stem of the hydrometer from the top of the bul 10 the
mark for a hydrometer readng, cm, 1
L, = overal length of the hydrometer buld, cm, 1
Ve = volume of hydrometer bulb, cm?, and 4
A = cross-sectional area of sedimentation cylinder, cm? 2
Values used in calculating the values in Table 2 are as follows: Ii
For both hydrometers, 1S1H and 152H: '4
L, =140cm e
Ve = 67.0 o

A =278cm?
For hydrometer 151H
L, =105 cm tor areacing of 1 000
= 2.3 ¢m tor a reading of 1 031 "
For hydrometer 152H. e
L, = 105 cmtor areadng of G gfitre
= 23 cmlor a reading of 50 gfutre

17. Graph
17.1 When the hvdrometer analysis is performed, a praph
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TABLE 3 Values of K for Use in Equation for Computing Diameter of Particle in Hydrometer Analysis

Specific Gravity of Sod Particles

Temperature, _ N o :
°C 2.45 . 250 255 2,60
16 0.01510 0.01505 001481 001457
7 0.01511 0.01486 001462 0.01439
18 001432 0.01467 0.01443 0.01421
19 0.01474 0.01449 0.01425 0.01403
20 0.01456 0.01431 0.01408 0.01386
21 0.01438 0.01414 0.01391 0.01369
22 0.01421 0.01397 0.01374 0.01353
23 0.01404 0.01381 0.01358 0.01337
24 0.01388 0.01365 0.01342 0.01321
25 0.01372 0.01349 0.01327 0.01306
26 0.01357 0.01334 0.01312 0.01291
27 0.01342 0.01319 0.01297 0.01277
28 0.01327 0.01304 0.01283 0.01264
29 0.01312 0.01290 0.01269 0.01249
30 0.01298 0.01276 0.01256 0.01236

265 2.70 2.75 280 285
0.01435 0.01414 001394 0.01374 001356
0.01417 0.01396 0.01376 0.01356 001338
0.01399 0.01378 0.01359 0.01339 001321
0.01382 0.01361 0.01342 0.1323 0.01305
0.01365 0.01344 0.01325 0.01307 0.01289
0.01348 0.01328 0.01309 0.01291 001273
0.01332 0.01312 0.01294 0.01276 0.01258
0.01317 0.01297 0.01279 0.01261 0.01243
0.01301 0.01282 0.01264 0.01246 0.01229
0.01286 0.01267 0.01249 0.01232 0.01215
0.01272 0.01253 0.01235 0.01218 0.01201
0.01258 0.01239 0.01221 0.01204 0.01188
0.01244 0.01255 0.01208 0.01191 0.01175
0.01230 0.01212 0.01195 0.01178 0.01162
0.01217 0.01199 0.01182 0.01165 0.01149

.

of the test results shall be made, plotting the diameters of the
particles on a logarithmic scale as the abscissa and the
percentages smaller than the corresponding diameters to an
arithmetic scale as the ordinate. When the hydrometer
analysis is not made on a portion of the soil, the preparation
of the graph is optional, since values may be secured directly
from tabulated data.

18. Report

18.1 The report shall include the following:

18.1.1 Maximum size of particles,

18.1.2 Percentage passing (or retained on) each sieve,
which may be tabulated or presented by plotting on a graph
(Note 16),

" 18.1.3 Description of sand and gravel particles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durable, soft, or weathered
and friable,

18.1.4 Specific gravity, if unusually high or low,

18.1.5 Any difficulty in dispersing the fraction passing the
No. 10 (2.00-mm) sieve, indicating any change in type and
amount of dispersing agent, and -

18.1.6 The dispersion device used and the length of the
dispersion period.

Note 16—This tabulation of graph represents the gradation of the
sample tested. If particles larger than those contained in the sample were
removed before testing, the report shall so state giving the amount and
maximum size. h

18.2 For materials tested for compliance with definite
specifications, the fractions called for in such specifications
shall be reported. The fractions smatler than the No. 10 sieve
shall be read from the graph.

18.3 For matenals for which compliance with definite
specifications is not indicated and when the soil is composed

almost entirely of particles passing the No. 4 (475-mm)
sieve, the results read from the graph may be reported as
follows:

(1) Gravel, passing 3-in. and retained on No. 4sieve ... . %
(2) Sand, passing No. 4 sicve and retained on No. 200sieve  ........... %
(a) Coarse sand, passing No. 4 sieve and retained on ... ... <

No. 10 sieve
(b) Medium sand, passing No. 10 sieveand retained oo ........... %

No. 40 sieve
{c) Fine sand, passing No. 40 sieve and retainedon No. ... -%

200 sieve

(3) Siltsize, 007410000500 ... .0 %
(#) Clay size, smaller than 0.005 mm %
Colloids, smaller than 0.0l mm ..., . %

18.4 For materials for which compliance with definite
specifications is not indicated and when the soil contains
material retained on the No. 4 sieve sufficient to require a
sieve analysis on that portion, the results may be reported as
follows (Note 17):

SIEVE ANALYSIS

Sieve Size
.
2-i0.
thin.
feim.
Yeelo. .
%in.
No.4(475-mm0) 0L
No. 10 (2.00-mm) o
No. 40 (425um) .
No. 200 (75qum)

HYDROMETER ANALYSIS

0.074 mm
0.005 mm
0.00t mm

Note [7—No. 8 (2.36-mm) and No. 50 (300-um) sicves may be -

substituted for No. 10 and No. 40 sicves.

The American Society for Testing and Materials takes no position respecting the validity of any patent nights asserted in connection
with any ttem mentioned in this standard Users of this standard are expressly agvised that deterrmination of the validity of any such
patent rights, and the nisk of intringement of such nghts, are entirely (heir own responsidility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every hive years and
if not revised, either reapproved or withdrawn Your comments are invited either foe revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recerve carelul consideration at 3 meeting of the responsiple
technical committes, which you may attend It you leel that your comments have not received a fair hearing you should make your

views known to the ASTM Committee on Standards, 1916 Race St., Philadelpha, PA 19103,
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METHOD 1310

EXTRACTION PROCEDURE (EP) TOXICITY TEST METHOD
AND STRUCTURAL INTEGRITY TEST

1.0 SCOPE AND APPLICATION

1.1 This method is employed to determine whether a waste exhibits the
characteristic of Extraction Procedure Toxicity.

1.2 The procedure may also be used to simulate the leaching which a
waste will undergo if disposed of in a sanitary Jlandfill. Method 1310 is
applicable to liquid, solid, and multiphase samples.

2.0 SUMMARY OF METHOD

2.1 If a representative sample of the waste contains >0.5% solids, the
solid phase of the sample is ground to pass a 9.5 mm sieve and extracted with
deionized water which is maintained at a pH of 5 + 0.2, with acetic acid.
Wastes that contain <0.5% solids are not subjected to extraction but are
directly analyzed. Monolithic wastes which can be formed into a cylinder
3.3 cm (dia) x:7.1 cm, or - from which - such a cylinder can be formed which is
representative of the waste, may be .evaluated using the Structural Integrity
Procedure instead of being ground to pass a 9.5-mm sieve.

3.0 INTERFERENCES

3.1 Potential interferences that may be encountered during analysis are
discussed in the individual analytical methods.

4.0 APPARATUS AND MATERIALS

4.1 Extractor: For purposes of this test, an acceptable extractor is
one that will impart sufficient agitation to the mixture to (1) prevent
stratification of the sample and extraction fluid and (2) ensure that all
sample- surfaces are continuously brought into contact with well-mixed
extraction fluid. Examples of suitable extractors are shown in Figures 1-3 of
this method and are available from: Associated Designs & Manufacturing Co.,
Alexandria, Virginia; Glas-Col Apparatus Co., Terre Haute, Indiana; Millipore,
Bedford, Massachusetts: and Rexnard, Milwaukee, Wisconsin,.

4.2 pH meter or pH controller: Accurate to 0.05 pH units with
temperature compensation.

1310 - 1
Revision 0
Date Scptember 1986
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4.3 Filter holder: Capable of supporting a 0.45-um filter membrane and
of withstanding the pressure needed to accomplish separation. Suitable filter
holders range from simple vacuum units to relatively complex systems that can
exert up to 5.3 kg/cm3 (75 psi) of pressure. The type of filter holder used
depends upon the properties of the mixture to be filtered. Filter holders
known to EPA and deemed suitable for use are listed in Table 1.

4.4 Filter membrane: Filter membrane suitable for conducting the
required filtration shall be fabricated from a material that (1) is not
physically changed by the waste wmaterial to be filtered and (2) does not
absorb or leach the chemical species for which a waste's EP extract will be

analyzed. Table 2 lists filter media known to the agency to be suitable for
solid waste testing.

4.4.1 1In cases of doubt about physical effects on the filter,
contact the filter manufacturer to determine if the membrane or the
prefilter is adversely affected by the particular waste. If no
information is available, submerge the filter in the waste's liquid
phase. A filter that undergoes visible physical change after 48 hr
(i.e., curls, dissolves, shrinks, or swells) is unsuitable for use.

TABLE 1. EPA-APPROVED FILTER HOLDERS

Manufacturer Size Model No. Comments

Vacuum Filters -

Nalgene 500 mL 44-0045 Disposable plastic unit,
including prefilter, filter
pads, and reservoir; can be
used when solution is to
be analyzed for inorganic

constituents.
Nuclepore 47 mm 410400
Millipore 47 mm XX10 047 00

Pressure Filters

Nuclepore 142 mm 425900
Micro Filtration 142 mm 302300
Systems
Millipore 142 mm ~ YT30 142 HW

1310 - 5
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4.4.2 To test for absorbtion or leaching by the filter:

4.4.2.1 Prepare a standard solution of the chemical species
of interest.

4.4.2.2 Analyze the standard for 1its concentration of the
chemical species.

4.4.2.3 Filter the standard and reanalyze. If the
concentration of the filtrate differs from that of the original
standard, then the filter membrane leaches or absorbs one or more of
the chemical species and is not usable in this test method.

4,5 Structural integrity tester: A device meeting the specifications
shown in Figure 4 and having a 3.18-cm (1.25-in.)-diameter hammer weighing
0.33 kg (0.73 1b) with a free fall of 15.24 cm (6 in.) shall be used. This
device is available from Associated Design and Manufacturing Company,

Alexandria, VA 22314, as Part No. 125, or it may be fabricated to meet these
specifications.

5.0 REAGENTS

5.1 Acetic acid (0.5 N): This can be made by diluting concentrated

~glacial acetic acid (17.5 N) by adding 57 mL glacial acetic acid to 1,000 mL

of water and diluting to 2 liters. The glacial acetic acid should be of high
purity and monitored for impurities.

5.2 Analytical standards should be prepared according to the applicable
analytical methods.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 A1l samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

6.2 Preservatives must not be added to samples.

6.3 Samples can be refrigerated if it is determined that refrigeration
will not affect the integrity of the sample.

7.0 PROCEDURE

7.1 If the waste does not contain any free 1liquid, go to Step 7.9. If
the sample 1is 1liquid or multiphase, continue as follows. Weigh filter
membrane and prefilter to +0.01 g. Handle membrane and prefilters with blunt
curved-tip forceps or vacuum tweezers, or by applying suction with a pipet.

1310 - 7
Revision _ 0
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7.2 Assemble filter holder, membranes, and prefilters following the
manufacturer's instructions. Place the 0.45-um membrane on the support screen

and add prefilters in ascending order of pore size. Do not prewet filter
membrane.

7.3 Weigh out a representative subsample of the waste (100-g minimum).
T 7.4 Allow slurries to stand, to permit the solid phase to settle,
Wastes that settle slowly may be centrifuged prior to filtration.

7.5 Wet the filter with a small portion of the liquid phase from the
waste or from the extraction mixture. Transfer the remaining material to the
filter holder and apply vacuum or gentle pressure (10-15 psi) until all liquid

-passes through the filter. Stop filtration when air or pressurizing gas moves
through the membrane. If this point is not reached under vacuum or gentle
pressure, slowly increase the pressure in 10-psi increments to 75 psi. Halt
filtration when liquid flow stops. This liquid will constitute part or all of
the extract (refer to Step 7.16). The 1liquid should be refrigerated until
time of analysis.

- NOTE: 011 samples or samples containing oil are treated in exactly the

same way as any other sample. The 1liquid portion of the sample is

filtered and treated as part of the EP extract. If the liquid portion of
the sample will not pass through the filter (usually the case with heavy

oils or greases), it should be carried through the EP extraction as a
solid.

7.6 Remove the solid phase and filter media and, while not allowing them
to dry, weigh to +0.01 g. The wet wefght of the residue is determined b
calculating the weight difference between the weight of the filters (Step 7.1
and the weight of the solid phase and the filter media.

7.7 The waste will be handled differently from this point on, depending
on whether it contains more or less than 0.5% solids. If the sample appears

to have <0.5% solids, determine the percent solids exactly (see Note below) by
the following procedure:

7.7.1 Dry the filter and residue at 80°C until two successive
weighings yield the same value.

7.7.2 Calcq]ate the percent solids, using the folléwing equation:

weight of filtered solid and filters - tared weight of filters _ .
initial weight of waste material x 100 = % solids

NOTE: This procedure is used only to determine whether the solid must be
extracted or whether it can be discarded unextracted. It is not
used in calculating the amount of water or acid to use in the
extraction step. Do not extract solid material that has been
dried at 80°C. A new sample will have to be used for extraction
if a percent solids determination is performed.

1310 - 9 ,
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acetic acid should be added. The pH of the solution should be monitored, as
described below, during the course of the extraction, and, if the pH rises
above 5.2, 0.5 N acetic acid should be added to bring the pH down to 5.0 +
0.2. However, in no event shall the aggregate amount of acid added to the
solution exceed 4 mL of acid per g of solid. The mixture should be agitated
for 24 hr and maintained at 20-40°C (68-104°F) during this time. It is
recommended that the operator monitor and adjust the pH during the course of
the extraction with a device such as the Type 45-A pH Controller, manufactured
by Chemtrix, Inc., Hillsboro, Oregon 97123, or its equivalent, in conjunction
with a metering pump and reservoir of 0.5 N acetic acid. If such a system is
not available, the following manual procedure shall be employed.

7.13.1 A pH meter should be calibrated in accordance with the
manufacturer's specifications.

7.13.2 The pH of the solution should be checked, and, if necessary,
0.5 N acetic acid should be manually added to the extractor until the pH
reaches 5.0 + 0.2. The pH of the solution should be adjusted at 15-,
30-, and 60-min intervals, moving to the next longer interval if the pH
does not have to be adjusted >0.5 pH units.

7.13.3 The adjustment procedure should be continued for at least 6
hr.

7.13.4 1If, at the end of the 24-hr extraction period, the pH of the
solution is not below 5.2 and the maximum amount of acid (4 mL per g of
solids) has not been added, the pH should be adjusted to 5.0 + 0.2 and
the extraction continued for an additional 4 hr, during which the pH
should be adjusted at 1-hr intervals.

7.14 At the end of the extraction period, Type II water should be added
to the extractor in an amount determined by the following equation:

Vo= (20)(W) - 16(W) - A
where:
V = mL Type II water to be added; .
W = weight in g of solid charged to extractor; and :
A = mL of 0.5 N acetic acid added during extraction.

7.15 The material in the extractor should be separated into its
component 1iquid and solid phases in the following manner:

7.15.1 Allow slurries to stand to permit the solid phase to settle
(wastes that are slow to settle may be centrifuged prior to filtration)
and set up the filter apparatus (refer to Steps 4.3 and 4.4).

1310 — 11
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TABLE 3. PRECISIONS OF EXTRACTION-ANALYSIS
PROCEDURES FOR SEVERAL ELEMENTS

Analysis Laboratory
Element Sample Matrix Method Replicates
Arsenic 1. Auto fluff 7060 1.8, 1.5 ug/L
- 2. Barrel sludge 7060 0.9, 2.6 ug/L
3. Lumber treatment 7060 28, 42 mg/L
company sediment
Barium 1. Lead smelting emission 6010 0.12, 0.12 mg/L
~ control dust
2. Auto fluff 7081 791, 780 ug/L
3. Barrel sludge 7081 422, 380 ug/L
Cadmium 1. Lead smelting emission 3010/7130 120, 120 mg/L
control dust
2. Wastewater treatment . 3010/7130 360, 290 mg/L
sludge from :
electroplating
3. Auto fluff 7131 470, 610 ug/L
4, Barrel sludge 7131 1100, 890 ug/L
5. 011 refinery 7131 3.2, 1.9 ug/L
tertiary pond sludge
Chromium 1. Wastewater treatment 3010/7190 1.1, 1.2 mg/L
sludge from
electroplating
2. Paint primer 7191 61, 43 ug/L
3. Paint primer filter 7191 -
4. Lumber treatment 7191 0.81, 0.89 mg/L
company sediment
5. 0il refinery 7191 --
tertiary pond sludge
Mercury 1. Barrel sludge 7470 0.15, 0.09 ug/L
2. Wastewater treatment 7470 1.4, 0.4 ug/L
sludge from
electroplating '
3. Lead smelting emission 7470 0.4, 0.4 ug/L
control dust
Lead 1. Lead smelting emission 3010/7420 940, 920 mg/L

control dust

2. Auto fluff 7421 1540, 1490 ug/L
3. Incinerator ash 7421 1000, 974 ug/L
4. Barrel sludge 7421 2550, 2800 ug/L
5. 0il refinery 7421 31, 29 ug/L
tertiary pond sludge
(Continued)
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45"9 Designation: D 1556 - 82¢!

Standard Test Method for

Density of Soil in Place by the Sand-Cone Method

This standard is issued under the fixed designation D 1556; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of tast revision, A number in parentheses indicates the year of last reapproval, A
superscript epsilon () indicates an editonal change since the last revision or reapproval.

This method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

and Standards.

€ NoTe—Section 7.5.3 was changed editorially in December 1983.

1. Scope

1.1 This method covers the determination of the in-place
density of soils.

1.2 Any soil or other material that can be excavated with
hand tools can be tested provided the void or pore openings
in the mass are small enough to prevent the sand used in the
test from entering the natural voids. The soil or other material
teing tested should have sufficient cohesion or particle at-
traction to maintain stable sides on a small hole or excavation.
It should also be firm enough to withstand the minor pres-
sures exerted in digging the hole and placing the apparatus
over it without deforming or sloughing.

1.3 When the moisture content and dry density are to be
determined, this method is not to be used in certain soils or
materials as indicated in paragraphs 1.3 and 3.5 of Method
D2216.

1. Referenced Documents

2.1 ASTM Standards:

C136 Method for Sieve Analysis of Fine and Coarse
Aggregates?

D653 Terminology Relating to Soil, Rock, and Contained
Fluids®

D698 Test Methods for Moisture-Density Relations of
Soils and Soil-Aggregate Mixtures Using 5.5-1b (2.49-kg)
Rammer and 12-in. (305-mm) Drop?

D1557 Test Methods for Moisture-Density Relations of
Soils and Soil-Aggregate Mixtures Using 10-1b (4.54-kg)
Rammer and 18-in. (457-mm) Drop?

D2049 Test Method for Relative Density of Coh&sxonl&cs
Soils*

D2216 Method for Laboratory Determination of Water
(Moisture) Content of Soil, Rock, and Soil-Aggregate
Mixtures?

1. Significance and Use

3.1 This method is used widely to determine the density
of compacted soils used in the construction of earth embank-
ments, road fill, and structure backfill. It is often used as the

————————

' This method is under the jurisdiction of ASTM Committee D-{8 on Soif and
och and 15 the direct responsibility of Subcommuttee 18.08 on Special and
Construction Control Tests.
Current edition approved Nov. 26, 1982, Published January 1983, Onigtnatly
Duhhshcd as D 1556 - 58 T. Last previous edition D 1556 ~ 64 (1974),
Annual Book of ASTM Standards, Vol 04.02.
* Arnual Book of ASTM Standards, Vol 04.08.
* Discontinued, see 1983 Annual Book of ASTM Standards, Voi 04.08.

basis of acceptance for soils compacted to a specified density
or percentage of a maximum density determined by a stan-
dard test method.

3.2 This method can be used to determine in-place density
of natural soil deposits, aggregates, soil mixtures, or other
similar material.

3.3 The use of this method is generally limited to soil in
an unsaturated condition. This method is not recommended
for soils that are soft or friable (crumble easily) or in a
moisture condition such that water seeps into the hand-
excavated hole. The accuracy of the test may be affected for
soils that deform easily or that may undergo a volume change
in the excavated hole from standing or walking near the hole
during the test.

4. Apparatus

4.1 Density Apparatus, consisting of the following:

4.1.1 A jar or other container having a volume of approx-
imately 1 gal (4000 cm?) or larger.

4.1.2 A detachable appliance consisting of a cylindrical
valve with an orifice approximately Y2 in. (13 mm) in diam-
eter, having a small metal funnel connecting to a standard
gal Mason jar top on one end and a large metal funnel (cone)
on the other end. The valve shall have stops to prevent
rotating it past the completely open or completely closed
positions.

4.1.3 A square or rectangular metal plate with a flanged
center hole cast or machined to receive the large funnel (cone)
of the appliance described in 4.1.2. The plate shall be flat on
the bottom and have sufficient thickness or stiffness to be
rigid and shall have sidewalls approximately % to 2 in. (10
to 13 mm) high.

4.1.4 The details for the apparatus described herein are
shown in Fig. | and represent the minimum acceptable
dimensions suitable for testing soils having maximum particle
sizes of approximately 2 in. (50 mm) and test hole volumes
of approximately 0.1 ft> (3000 cm?). When the material being
tested contains a small amount of oversize and isolated large
particles are encountered, the test can be moved 10 a new
location. Larger apparatus and test hole volumes are needed
when particles larger than 2 in. (50 mm) are prevalent.

NoTE 1 —The apparatus descnbed here represents a design that has
proved sausfactory, Larger apparatus of similar proportions may be used
as long as the basic pnaciples of the sand volume determinatioa are
observed.

4.2 Sand, shali be clean, dry, uniform, uncemented, du-
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FiG. 1 Density Apparatus

rable, and free-flowing. Any gradation may be used that has
a uniformity coefficient (C, = Dg/D,o) less than 2.0, a
maximum particle size less than 2.00 mm (No. 10 sieve), and
less than 3 % by weight passing 250 um (No. 60 sieve). The
particle size distribution (gradation) shall be determined in
accordance with Method C 136. Uniform sand is needed to
prevent segregation during handling, storage, and use. Sand
tfree of fines and fine sand particles is needed to prevent
significant bulk density changes with normal daily changes
in atmospheric humidity. Sand comprised of durable, naturat
subrounded or rounded particles is desirable. Crushed sand
or sand having angular particles may not be free flowing, a
condition that can causc bridging resulting in inaccurate

density determinations (Note 2). In selecting a sand from l
potential source, five separate bulk-density dctermmanons
shall be made on each container or bag of sand. To be a8
acceptable sand, the variation between any determinatios
and the average shall not be greater than 1% of the average:
Before using sand in density determinations, it shall be dned:
then allowed 1o reach an air-dricd state in the gencral locanod
where it is 1o be used. Sand shall not be reused withoul
removing any contaminating soil, checking the gradauof
and drying. Bulk-density tests shall be made at intervals nd
cxceeding 14 days, always after any significant changes 1
atmospheric humidity, before reusing, and before using a ne®
batch from a previously approved supplier (Note 3).
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Note 2—Some manufactured (crushed) sands such as blasting sand
ve been successfully used with good reproducibility. The reproducibil-
av of test resuits using angu!ar sand should be checked under actual
1esting situations before selecting an angular sand for usc.

NoTE 3—Most sands have a tendency to absorb moisture from the
smosphere. A very small amount of absorbed moisture can make a
.ubstantial change in bulk density. In areas of high humidity or where
\he humidity changes often, the bulk density may need to be determined
more often than the 14-day maximum interval indicated. The need for
more frequent checks can be determined by comparing the results of
ufferent bulk-density tests on the same sand made in the area and
conditions of use over a period of time.

4.3 Balances—A balance or scale of 10-kg capacity read-
sble to 1.0 g and accurate to 2 g from 100 g to 7000 g and 3
¢ above 7000 g, and a balance of 2000 g capacity readable to
0.1 g and accurate to 0.1 %.

44 Drying Equipment—Oven, as specified in Method
P2216 (See 6.1.10 and Note 6.)

4.5 Miscellaneous Equipment—XKanife, small pick, chisel,
small trowel, screwdriver, or spoons for digging test hole;
buckets with lids, seamless tin or aluminum cans with lids,
plastic-lined cloth sacks, or other suitable containers for re-
uining the density sample, moisture sample, and density
and respectively; thermometer for determining the temper-
ature of water; small, paint-type brush, slide rule or calculator,
notebook, etc.

§. Calibration

5.1 Determinations of mass are to be made to the nearest
1 g except for those required for determining moisture con-
1ent, which shall be made to the nearest 0.1 g.

5.2 Determine the mass of sand required to fill the funnel
and base plate as follows:

5.2.1 Putsand in the apparatus and determine the mass of
apparatus and sand.

5.2.2 Place the base plate on a clean, level, plane surface.
Invert the apparatus and seat the large funnel into the flanged
cnter hole in the base plate, and mark and identify the
funnel and plate so that the same funnel and plate can always
he matched and reseated in the same position.

5.2.3 Open the valve and keep open until the sand stops
tunning, making sure the apparatus, base plate, or plane
wrface are not jarred or vibrated before the valve is closed.

5.2.4 Close the valve sharply, determine the mass of the
ipparatus with remaining sand and calculate the loss of sand.
This loss represents the mass of sand required to fill the
‘unnel and base plate.

3.2.5 Repeat the procedures in 5.2.1 to 5.2.4 at least three
umes. The mass of sand used in the calculations shall be the
serage of three determinations. The maximum vanation
Xtween any one determination and the average shall not
sseeed | %.

3.3 Use either Method A or Method B to determine the
and bulk density.

24 Method A—Determine the bulk deasity of the sand to
" used in the field test as follows:

24.1 Sclect a known-volume container that is approxi-
Mately the same size and allows the sand to fall approximately
¢ same distance as the hole excavated in making a ficld
S The Yso-ft? (944-cm’) and Y- (2124-cm’) molds
ceified in Test Methods D698 or the 0.1-ft (2830-cm”)

: Yold specified in Test Method D 2049 are recommended.
|

5.4.2 Make mcasurements of sufficient accuracy to deter-
mine the volume of the container 10 +1.0 %. The measure-
ment tolerances for the above recommended molds are given
in Test Methods D 698 and D 2049.

5.4.3 Flow charactenstics through different valve assem-
blies have been known to causc different bulk-density valucs.
The funnel and valve apparatus used to determine the bulk
density of the sand shall be the same as used for making field
tests unless other assemblies are determined to provide the
same results.

5.4.4 Fill the assembled apparatus with sand.

5.4.5 Determine the mass of the known-volume container
when empty.

5.4.6 Support the apparatus over the known-volume con-
tainer in an inverted position so that the sand falls approxi-
mately the same distance as in a field test, and fully open the
valve.

5.4.7 Fill the container until it just overflows and close'the
valve. Carefully strike off excess sand to 2 smooth level surface
at the top of the container. Care must be taken so that the
container is not jarred or vibrated before striking off is
completed.

5.4.8 Clean any sand from the outside of the container
and determine the mass of the known-volume container when
full. Determine the net mass of sand by subtracting the mass
of the empty container.

Note 4—When the known-volume container has the same diameter
as the flanged center hole in the metal plate, the procedures in 5.4.6 10
5.4.8 can be simplified by using the plate on top of the known-volume
container. Striking off the excess sand is not required when the apparatus

with sand is weighed before and after filling the container and the mass
required to fill the cone and plate (5.2.5) is subtracted from the difference.

5.4.9 Repeat the procedure in 5.4.4 t0 5.4.8 at least three
times. The mass used in the calculations shall be the average
of three determinations. The maximum variation between
any one determination and the average shall not exceed | %.

5.5 Method B—The bulk density of sand to be used in the
field test is determined by first determining the volume of the
jar and attachment up to and including the volume of the
valve orifice then by using the jar to measure a volume and
mass of sand as follows:

5.5.1 In making bulk density determinations, use a glass
or other rigid jar that is well-rounded where it tapers toward
the opening. Other jars may be used for making in-place
density tests. '

5.5.2 Use the same funnel and valve assembly for deter-
mining the bulk density of sand as will be used in field tests
or determine that other assemblies provide the same results.

5.5.3 Use heavy grease or other waterproof substances in
those stopcocks and thread assemblies that are not watertight.

5.5.4 Determine the mass of the assembled apparatus and
record.

5.5.5 Place the apparatus upright and open the valve.

5.5.6 Fill the apparatus with water until it appears over the
valve.

5.5.7 Close valve and remove eacess water.

5.5.8 Determine the mass of the apparatus and water, and
determine the temperature of the water to the nearest 1°C

5.5.9 To determine the mass of the water to fill the gppa
ratus, subtract the mass of the apparatus from the mass of

the apparatus and the water.
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5.5.10 Repeat the procedure described in 5.5.4 to 5.5.9 at
least three times. Convert the weight of water, in grams, to
millilitres by correcting for the temperature as given in 7.3.1.
The volume used shall be the average of three determinations
with a maximum variation of 3 mL.

5.5.11 The volume determined in this procedurc is con-
stant as long as the jar and attachment are in the same rclative
position as the previous volume determination. If the two are
to be separated, match marks should be made to permit
reassembly to this position.

5.5.12 Completely dry the jar and other apparatus and
remove any grease or waterproofing substances before pro-
ceeding with the following bulk density determination.

5.5.13 Place the empty apparatus upright on a firm level
surface, close the valve, and fill the funnel with sand.

5.5.14 Open the valve and, keeping the funnel at least half
full of sand, fill the apparatus, making sure the apparatus is
not jarred or vibrated before the valve is closed. When the
sand stops flowing, close the valve sharply and empty excess
sand.

5.5.15 Determine the mass of the apparatus with sand and
determine the net mass of sand by subtracting the mass of
the apparatus.

5.5.16 Repeat the procedures in 5.5.13 to 5.5.15 at least
three times. The mass used in the calculations shall be the
average of three determinations. The maximum variation
between any one determination and the average shall not
exceed 1 %.

6. Procedure

6.1 Determine the density of the soil in place as follows:

6.1.1 Fill the apparatus with sand previously calibrated for
bulk density and determine the mass of the apparatus and

‘sand.

6.1.2 Prepare the surface of the location to be tested so
that it is a level plane. The base plate makes an excellent tool
for striking off the surface to a neat level plane.

6.1.3 Seat the base plate on the plane surface, making sure
there is good contact with the ground surface around the edge
of the flanged center hole. Mark the outline of the base plate
to check for movement during the test, and use nails pushed
into the soil adjacent to the edge of the plate or otherwise
secure the plate against movement without disturbing the soil
to be tested.

6.1.4 In soils where leveling is not successful, a preliminary
test shall be run at this point measuring the volume bounded
by the funnel plate and ground surface. Fill the space with
sand from the apparatus, determine the mass of sand used to
fill the space, refill the apparatus, and determine a new initial
mass of apparatus and sand before proceeding with the test.
After this measurement is completed, carefully brush the
sand from the prepared surface.

NoteE 5—A sccond calibrated apparatus may be taken to the ficld
when this condition is anticipated (instcad of refilling and making a
sccond mass determination). The procedure in 6.1.4 may be used for
cach test when the best possible accuracy is desired. however, it is usually
not needed for most production testing where a retatively smooth sueface
is obtainable. ’

6.1.5 Dig the test hole inside the center hole in the base

plate, being very careful to avoid disturbing the soif that will
bound the hole. Test-hole volumes shall be as large as prac-

a4l

&

tical to mintmize the cffects of errors and shall in no case
smaller than the volume indicated in Table 1. The sides of
the hole should slope inward slightly toward the bottom th3}
should be rcasonably flat or concave. The hole should be kept
as free as possible of pockets, overhangs, and sharp obtrusiong
since these affect the accuracy of the test. Soils that are
essentially granular require extreme care and may requird
digging a conical-shaped test hole. Place all excavated sofft
and soil loosened during excavation in a container that i§
marked to identify the test number. Take care to avoid losing
any material. Protect this material from any loss of moisture
until the mass has been determined and a specimen has beep
obtained for moisture content determination. of
6.1.6 Clean the flange of the center hole in the metal plate}
invert the apparatus, and seat the large metal funnel into the'
flanged hole at the same location as marked during calibra.
tion. Open the valve and allow the sand to fill the hol@
funnel, and base plate. Take care to avoid jarring or vibrating
the apparatus or the ground during this step. When the sand
stops flowing, close the valve. 4
6.1.7 Determine the mass of the apparatus with remaining
sand, and calculate the mass of sand used in the test. L
6.1.8 Determine the mass of the material that was removed
from the test hole. R
6.1.9 Mix the material thoroughly and obtain a represent®
ative specimen for moisture-content determination or use the
entire sample. ¢
6.1.10 Determine the moisture content in accordance with
Method D 2216. }
Note 6—Rapid methods of moisture determination may be used to
obtain an approximate value that is later verified or corrected according
to the values obtained in accordance with Method D 2216. 3t
6.2 Moisture-content specimens are to be large enough
and selected in such a way so as to represent all the material

TABLE 1 Minimum Test Hole Volumes and Minimum Moisture -
Content Samples Based on Maximum Size of Particle

- . - Mewram
. Minimum Minimum
P”"."“‘;i"“ Test Hole Test Hole Mo
Volume, am® Volume, #t* s .9
No. 4 Sieve 710 0.025 100
(4.75 mm)
ria. (12.5 mm) 1420 0.050 300
1in. (25 mm) 2120 0.075 500
- 2in, (50 mm) 2830 0.100 1000

TABLE 2 Volume of Water per Gram Based on Temperature

Temperature Volume of Water,

.C QF mLIg

12 538 1 00048
14 572 100073
16 608 100103
18 64 4 100138
20 680 t 00177
22 716 100221
24 752 t 00268
26 88 100329
28 824 100375
30 860 1 004315
32 896 1 00497
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shtained from the test hole. Suggested minimum mass of
:,,oisturc specimens in relation to maximum particle size are
chown in Table 1.

- Calculations

7.1 Calculations as shown are for using units in grams and
cubic centimetres or millilitres. cher units are permissible

ovided the appropriate conversion factors are used to main-
win consistency of units throughout the calculations.

1.2 Sand Calibration—Method A:

7.2.1 Calculate the bulk density of the sand as follows:

o= M/[V,

where:
= bulk density of the sand, g/cm?, or multiply by 62.43
for 1b/fi3,
A, = mass of sand to fill the known volume container,
549, ¢ and
i, = volume of the known volume container, 5.4.2, cm>.
1.3 Sand Calibration—Method B
7.3.1 Calculate the volume of the density apparatus as
follows:

[{]

Vz=GT

I, = volume of the density apparatus, mL,
(¢ = mass of water required to fill the apparatus, 5.5.9, and
= water temperature-volume correction shown in col-
umn 3 of Table 2.
1.3.2 Calculate the bulk density of the sand as foliows:

Py =MV,

where:
s = bulk density of the sand, g/cm?, or multiply by 62.43
for Ib/ft3,
i, = mass of sand required to fill the apparatus 5.5.16, g,
and
Iy = volume of apparatus, 5.5.10.
1.5 Field Test: .
1.5.1 Calculate the volume of the test hole as follows:

V=(M;— M,)/p
shere:

V = volume of the test hole, cm?,

M, = mass of sand to filt the test hole, funnel, and base
plate, 6.1.7, g,

M, = mass of sand to fill the funnel and base plate, 5.2.5, g,
and

y = bulk density of the sand, 7.2.1 or 7.3.2, g/cm>.
7.5.2 Calculate the dry mass of material removed from the
test hole as follows:

Mg = 100 Ms/(w + lOO)

where:
w = percentage of moisture, in material from test hole,
6.1.10,
M = moist mass of the material from the test hole, 6.1.8,
M¢ = dry mass of material from test hole, g, or muitiply by
0.002205 for Ib.
7.5.3 Calculate the in-place wet and dry density of the
material tested as follows:
Pm = Ms/ 1 4
pa = Mc/V

where:

V = volume of test hole, 7.5.1, cm?,

M, = moist mass of the material from the test hole, 6.1.8, g,

M, = dry mass of the material from the test hole, 7.5.2, g,

pm = wet density of the tested material g/cm® or multiply by
62.43 for lb/ft3, and

ps = dry density of the tested material.

NoTe 7—It may be desired to express the in-place density as a
percentage of some other density, for example, the laboratory maximura
density determined in accordance with Method D 698. This relation can
be determined by dividing the in-place density by the maximum density
and multiplying by 100.

8. Precision and Accuracy

8.1 The precision and accuracy of this method has not
been determined. No available methods provide absolute
values of the density of soil in place against which this method
can be compared. The variability of soil and the destructive
nature of the test do not provide for repetitive duplication of
test results to obtain a meaningful statistical evaluation. Ac-
curacy is a function of the care exercised in performing the
steps of the test giving particular attention to careful control
to systematic repetition of procedures used.

The American Sociely for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any #em mentioned in this standard. Users of this standard are expressly advised that determination of the vaiidity of any such
patent rights, and the risk of infringement ol such rights, are antirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every live years and
it not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard os for additsonal standards
and should be addressed to ASTM Headquarters. Your comments will receive carelul consideration at a meeting of the responsible
technical committee, which you may attend. Iif you leel that your comments have nol received a lair hearing you should make your
views known 0 the ASTM Commuttee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Method for

Laboratory Determination of Water (Moisture) Content of Soil,
Rock, and Soil-Aggregate Mixtures'

An Amencan National S

ok B s ot .}.HA;.& ko

This standard is issued under the fixed designation D 2216; the number immediately following the designation indicates the year of é

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilon () indicates an editorial change since the last revision or reapproval. )‘3
y

1. Scope

1.1 This method covers the laboratory determination of
the water (moisture) content of soil, rock, and soil-aggregate
mixtures by weight. For simplicity, the word “material”
hereinafier refers to cither soil, rock, or soil-aggregate mix-
tures, whichever is most applicable.

1.2 The water content of a material is defined as the ratio,
expressed as a percentage, of the mass of “pore” or “free”
water in a given mass of material to the mass of the solid
material particles.

1.3 This method does not give true representative results
for: materials containing significant amounts of halloysite,
montmorillonite, or gypsum minerals; highly organic soils;
or, materials in which the pore water contains dissolved solids
(such as salt in the case of marine deposits). For a material
of the previously mentioned types, a modified method of
testing or data calculation may be established to give results
consistent with the purpose of the test.

2. Summary of Method

2.1 The practical application in determining the water
content of a material is to determine the mass of water
removed by drying the moist material (test specimen) to a
constant mass in a drying oven controlled at 110 £ 5°C and
to use this value as the mass of water in the test specimen.
The mass of material remaining after oven-drying is used as
the mass of the solid particles.

3. Significance and Use

3.1 For many soil types, the water content is one of the
most significant index properties used in establishing a cor-
relation between soil behavior and an index property.

3.2 The water content of a soil is used tn almost every
equation expressing the phase relationships of air, water, and
solids in a given volume of material.

3.3 In fine-grained (cohesive) soils, the consistency of a
given soil type depends on its water content. The water
content of a soil, along with its liquid and plastic limit, is
used to express its relative consistency or Liquidity index.

' This miethod is under the jurisdiction of ASTM Commuttee {D-18 on Sol and
Rock and is the direct responsibility of Subcommuttee Di8 03 on Texture, Plasticity
and Density Charactenistics of Soils.

Current edition approved May 30, 1930. Published July 1980, Onginally pub-
lished as D 2216 -63 T. Last previous edition D 2216 =71

3.4 The term “water” as used in geotechnical cngmccrm&
is typically assumed to be “pore™ or “free” water and fiy
that which is hydrated to the mineral surfaces. Therefore, f&
water content of materials containing significant amounts d‘
hydrated water at in-situ temperatures or less than 110°C
be misleading. sl

3.5 The term “solid particles” as used in geowchmcx
engineering, is typically assumed to mean nmurally occumq
mineral particles that are not readily soluble in water. Thcm
fore, the water content of materials containing extraneo
matter (such as cement, etc), water-soluble matter (such’s
salt) and highly organic matter typically require special treat.
ment or a qualified definition of water content. %

4. Apparatus

4.1 Drying Oven, thermostatically-controlled, prcfcrablyd
the forced-draft type, and maintaining a uniform tcmpcratnn
of 110 % 5°C throughout the drymg chamber.

4.2 Balances, having a precision (repeatability) of +0 01;
for specxmcns having a mass of 200 g or less, +0.1 g fa
specimens having a mass of between 200 and 1000 g, or £1
g for specimens having a mass greater than 1000 g.

43 Speczmen Containers—Suitable containers made; d
material resistant to corrosion and a change in mass upoa
repeated heating, cooling, and cleaning. Containers wni
close-fitting lids shall be used for testing specxmens havmgl
mass of less than about 200 g; while for specimens havingt
mass greater than about 200 g, containers without lids may
be used (Note 1). One container is needed for each wata

content determination.

NoTe | —The purpose of close-fitting lids is to prevent loss of motsnu!
from specimens before initial weighing and to prevent absorptioa o
moxsturc from the atmosphere following drying and before final weigh
ing. =

4.4 Desiccator—A desiccator of suitable size (a convenient
size is 200 to 250-mm diameter) containing a hvdrous siia
gel. This equipment is only recommended for use whep
containers having close-fitting lids are not used. Sce 7.4.1.

5. Samples

5.1 Keep the samples that are stored prior 10 testing i
noncorrodible airtight containers at a temperature betwee?
approximately 3 and 30°C and in an area that prevents direct
contact with sunhght.

5.2 The water content determination should be done 8
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soon as practicable after samrpling, especially if potentially
corrodible containers (such as steel thin-walled tubes, paint
cans, e1c.) or sample bags are used.

6. Test Specimen

6.1 For water contents being determined in conjunction
with another ASTM method, the method of specimen selec-
tion specified in that method controls.

6.2 The manner in which the test specimen is selected and
its required mass is basically dependent on the purpose (ap-
plication) of the test, type of material being tested, and the
type of sampje (specimen from another test, bag, tube, split-
parrel, etc.). In all cases, however, a representative portion of
the total sample shall be selected. If a layered soil or more
than one sotl type is encountered, select an average portion
of individual portions or both, and note which portion(s) was
tested in the report of the results.

6.2.1 For bulk samples, select the test specimen from the
material after it has been thoroughly mixed. The mass of
moist material selected shall be in accordance with the follow-

ing table:
Sieve Retaining More Than About 10 % of Recommended Minimum Mass of
Sample Moist Specimen, g
2.0 mm (No. 10} sicve 100 to 200
4.75 mm (No. 4) sieve 300 to 500
{9 mm 500 to 1000
38 mm 1500 to 3000
76 mm 5000 to 10 000

6.2.2 For small (jar) samples, select a representative por-
tion in accordance with the following procedure:

6.2.2.1 For cohesionless soils, thoroughly mix the material,
then select a test specimen having a mass of moist material
in accordance with the table in 6.2.1. See Note 2.

6.2.2.2 For cohesive soils, remove about 3 mm of material
from the exposed periphery of the sample and slice it in half
(10 check if the material is layered) prior to selecting the test
specimen. If the soil is layered see 6.2. The mass of moist
material selected should not be less than 25 g or should be in
accordance with the table in 6.2.1 if coarse-grained particles
are noted. (Note 2).

6.3 Using a test specimen smaller than the minimum mass
indicated previously requires discretion, though it may be
sdequate for the purpose of the test. A specimen having a
mass less than the previously indicated value shall be noted
in the report of the results.

Nore 2—In many cases, when working with a smali sample contain-
g 3 relatively large coarse-grained particle, it is approprate not to
nclude this particle in the test specimen. If this occurs, it should be
noted in the report of the results.

1. Procedure

7.1 Select representative test specimens in accordance with
Section 6.
. 1.2 Place the moist specimen in a clean, dry container of
~nown mass (Note 3), set the fid sccurely in position, and
determine the mass of the container and moist material using
4 appropriate balance (4.2). Record these values.

7.3 Remove the lid and place the container with moist
Mitenal in a drying oven maintained at 110 + 5°C and dry
2 constant mass (Notes 4, 5, and 6).

Note 3—To assist in the oven-drying of large test specimens, they
should be placed in containers having a large surface area (such as pans)
and the matenal broken up into smaller aggregations,

Note 4-The time rcquired to obtain constant mass will vary depend-

ing on the type of matenal. size of specimen, oven type and capacity,’

and other factors. The intluence of these factors gencrally can be estab-
hished by good judgment. and expenence with the matenals being tested
and the apparatus being used. In most cases, drying a test specimen over
night (about 16 h) is sufficient. In cascs where there is doubt concerning
the adequacy of drying, drying should be continued until the mass after
two successive periods (greater than ' h) of drying indicate an insignifi-
cant change (less than about 0.1 %). Specimens of sand may often be
dred to constant mass in a period of about 4 h, when a forced-draft oven
is used.

Note 5—Oven-drying at {10 £ 5°C does not always resuit in water
content values refated to the intended use or the basic definition especially
for materials containing gypsum or other minerals having significant
amounts of hydrated water or for soil containing a significant amount of
organic material. In many cases, and depending on the intended use for
these types of materials, it might be more applicable to maintain the
drying oven at 60 + 5°C or use a vacuum desiccator at 2 vacuum of
approximately 133 Pa (10 mm Hg) and at a temperature ranging between
23 and 60°C for drying. If either of these drying methods are used, it
should be noted in the report of the resuits.

Note 6—Since some dry materials may absorb moisture from moist
specimens, dried specimens should be removed before placing moist
specimens in the oven. However, this requirement is not applicable if
the previously dried specimens will remain in the drying oven for an
additional time period of about 16 h.

7.4 After the material has dried to constant mass remove
the container from the oven and replace the lid. Allow the
material and container to cool to room temperature or until
the container can be handled comfortably with bare hands
and the operation of the balance will not be affected by
convection currents. Determine the mass of the container
and oven-dried material using the same balance as used in
7.2. Record this value.

7.4.1 If the container does not have a lid, weigh the con-
tainer and material right after their temperatures are such
that the operation of the balance will not be affected by
convection currents or after cooling in a desiccator.

Note 7—Cooling in a desiccator is recommended since it prevents
absorption of moisture from the atmosphere during cooling.

8. Calculation
8.1 Calculate the water content of the material as follows:

W= (W, = (¥, = W] X 100 = 2% X 100

where:

w = water content, %,

W, = mass of container and moist specimen, g,

Iy = mass of container and oven-dried specimen, g,
W, = mass of container, g,

W, = mass of water, g. and

H', = mass of solid parucles, g.

]

9. Report

9.1 The report (data sheet) shall include the followiny,

9.1.1 ldentification of the sample (material) being tested,
by boring number, sample number, test number, cte

Y.1.2 Water content of the specimen to the nearest 0.1 4
or | %, depending on the purpose of the test.
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- 9.1.3 Indication of test speccimen having a mass lcss than 9.1.6 Indication of any malcnal (size and amoum) cA
the minimum indicated in Section 6. cluded from the test specimen. —

9.1.4 Indication of test specimen containing more than

one soil type (layered, etc).
9.1.5 Indication of the method of drying if different from 10.1 Requirements for the precision and accuracy of tf

oven-drying at 110 + 5°C. test method have not yet been developed.

10. Precision and Accuracy

The American Society for Testing and Matecials takes no pasition respecting the validity of any patert rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that detsrmination of the validity of any such
patent rights, and the risk of infringement of such rigits, are entirsly thei own responsibility.

This standard is subject 10 revision at any time by the responsible technical committee and must be reviewed every five yoars and
i not revised, sither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and shoukd be addrassed 1o ASTM Headquartars. Your comments will receive careful consideration at & meeting of the rasponsible
tachnical committae, which you may attend. if you fsel that your commants have not received a fair hearing you should make your
viaws known to the ASTM Committes on Standards, 1916 Race St., Philadeiphia, PA 19103,
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METHOD 3005

ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR

DISSOLVED METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY

1.0 SCOPE AND APPLICATION

1.1

following metals:

Method 3005 is an acid digestion
water and ground water
spectroscopy (FAA) or by inductively
Samples prepared by Method 3005 may be analyzed by AAS or

samples

for analysis

procedure used to prepare surface
by flame atomic absorption

coupled argon plasma spectroscopy (ICP).

ICP for the

Aluminum Magnesium
Antimony Manganese
Arsenic* Molybdenum
Barium Nickel
Beryllium Potassium
Cadmium Selenium*
C;]cium Silver
Chromium Sodium .
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead

*ICP only

1.2 For the analysis of total dissolved metals, the sample 1s filtered
at the time of collection, prior to acidification with nitric acid.

2.0 SUMMARY OF METHOD

2.1 Total recoverable metals: The entire sample 1is acidified at the
time of collection with nitric acid. At the time of analysis the sample is
heated with acid and substantially reduced in volume. The digestate is
filtered and diluted to volume, and is then ready for analysis.

2.2 Dissolved metals: The sample is filtered through a 0.5 um filter at
the time of collection and the 1iquid phase 1s then acidified at the time of
collection with nitric acid. At the time of analysis the sample is heated
with acid and substantially reduced in volume. The digestate is again
filtered (if necessary) and diluted to volume and is then ready for analysis.

3005 -1
Revision 0
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3.0 INTERFERENCES

3.1 The analyst should be cautioned that this digestion procedure may
not be sufficiently vigorous to destroy some metal complexes.

4.0 APPARATUS AND MATERIALS

4.1 Griffin beakers of assorted sizes.

4.2 Watch glasses.

4.3 Qualitative filter paper and filter funnels.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid, reagent grade (HNO3): Acid should be

analyzed to determine level of 1mpur1t1es. If method blank is {MDL, then acid
can be used.

‘5.3 Concentrated hydrochloric acid, reagent grade (HC1): Acid should be

analyzed to determine level of impurities. If method blank is (MDL, then acid
can be used.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable.

6.3 Sampling:

6.3.1 Total recoverable metals: All samples must be acidified at
" the time of collection with HNO3 (5 mL/L).

6.3.2 Dissolved metals: All samples must be filtered through a 0.5
%m filtgr and then acidified at the time of collection with HNO3
5 mL/L

3005 — 2
Revision 0
Date September 1986
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7.0 PROCEDURE
7.1 Transfer a 100-mL aliquot of well-mixed sample to a beaker.

7.2 For metals that are to be analyzed by FLAA or ICP, add 2 mL of
concentrated HNO3 and 5 mL of concentrated HCl. The sample is covered with a
ribbed watch glass and heated on a steam bath or hot plate at 90 to 95°C until
the volume has been reduced to 15-20 mL.

CAUTION: Do not boil. Antimony 1is easily lost by volatilization from

hydrochloric acid media.

7.3 Remove the beaker and allow to cool. Wash down the beaker walls
and watch glass with Type II water and, when necessary, filter or centrifuge
the sample to remove silicates and other insoluble material that could clog
the nebulizer. Filtration should be done only if there is concern that
insoluble materials may clog the nebulizer; this additional step is liable to
cause sample contamination unless the filter and filtering apparatus are
thoroughly cleaned and prerinsed with dilute HNOj3.

7.4 Adjust the final volume to 100 mL with Type II water.

8.0 QUALITY CONTROL i

8.1 For each analytical batch of samples processed, blanks (Type II
water and reagents) should be carried throughout the entire sample preparation

and analytical process. These blanks will be useful in determining if samples
are being contaminated.

8.2 Duplicate samples should be processed on a routine basis. A
duplicate sample is a sample brought through the whole sample preparation and
analytical process. Duplicate samples will be used to determine precision.
The sample load will dictate the frequency, but 20% is recommended.

8.3 Spiked samples or standard reference materials should be employed to

determine accuracy. A spiked sample should be included with each group of
samples processed and whenever a new sample matrix is being analyzed.

9.0 METHOD PERFORMANCE
9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 3050

ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS

1.0 SCOPE AND APPLICATION

1.1 This method is an acid digestion procedure used to prepare sedi-
ments, sludges, and soil  samples for analysis by flame or furnace atomic
absorption spectroscopy (FLAA and GFAA, vespectively) or by inductively
coupled argon plasma spectroscopy (ICP). Samples prepared by this method may
be analyzed by ICP for all the listed metals, or by FLAA or GFAA as indicated
below (see also Paragraph 2.1):

FLAA ‘ GFAA
Aluminum Magnesium Arsenic
Barium Manganese Beryllium
Beryllium Molybdenum Cadmium
Cadmium Nickel Chromium
Calcium ~ Potassium . Cobalt
Chromium Sodium Iron
Cobalt Thallium Molybdenum
Copper Vanadium Selenium
Iron Zinc Thallium
Lead Vanadium

2.0 SUMMARY OF METHOD

2.1 A representative 1- to 2-g (wet weight) sample is digested in nitric
acid and hydrogen peroxide. The digestate is then refluxed with either nitric
acid or hydrochloric acid. Dilute hydrochloric acid 1is used as the final
reflux acid for (1) the ICP analysis of As and Se, and (2) the flame AA or ICP
analysis of Al, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe, Mo, Pb, Ni, K, Na, T1, V, and
Zn. Dilute nitric acid is employed as the final dilution acid for the furnace
AA analysis of As, Be, Cd, Cr, Co, Pb, Mo, Se, Tl, and V. A separate sample
shall be dried for a total solids determination.

3.0 INTERFERENCES

3.1 Sludge samples can contain diverse matrix types, each of which may
present its own analytical challenge. Spiked samples and any relevant
standard reference material- should be processed to aid in determining whether
Method 3050 is applicable to a given waste.

3050 - 1
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4.0 APPARATUS AND MATERIALS

Conical Phillips beakers: 250-mL.

Watch glasses.

Drying ovens: That can be maintained at 30°C.
Thermometer: That covers range of 0 to 200°C.
Whatman No. 41 filter paper (or equivalent).
Centrifuge and centrifuge tubes.

o L
L] .
AN WN =

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities.

5.2 Concentrated nitric acid, reagent grade (HNO3): Acid should be
analyzed to determine level of impurities. If method blank is <{MDL, the acid
can be used.

5.3 Concentrated hydrochloric acid, reagent grade (HC1): Acid should be

analyzed to determine level of impurities. If method -blank is {(MDL, the acid
can be used.

5.4 Hydrogen peroxide (30%) (Hp07): Oxidant should be analyzed to
determine level of impurities.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples mdst have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed with detergents, acids, and
Type II water. Plastic and glass containers are both suitable. See Chapter
Three, Section 3.1.3, for further information.

6.3 Nonaqeuous samples shall be refrigerated upon receipt and analyzed
as soon as possible. :

7.0 PROCEDURE

7.1 Mix the sample thoroughly to achieve homogeneity. For each
digestion procedure, weigh to the nearest 0.01 g and transfer to a conical
beaker a 1.00- to 2.00-g portion of sample.

7.2 Add 10 mL of 1:1 HNO3, mix the slurry, and cover with a watch glass.
Heat the sample to 95°C and reflux for 10 to 15 min without boiling. Allow
the sample to cool, add 5 mL of concentrated HNO3, replace the watch glass,
and reflux for 30 min. Repeat this last step to ensure complete oxidation.

3050 - 2
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Using a ribbed watch glass, allow the solution to evaporate to 5 mL without

boiling, while maintaining a covering of solution over the bottom of the
beaker.

7.3 After Step 7.2 has been completed and the sample has cooled, add 2
mL of Type II water and 3 mL of 30% HpOp. Cover the beaker with a watch glass
and return the covered beaker to the hot plate for warming and to start the
peroxide reaction. Care must be taken to ensure that losses do not occur due

to excessively vigorous effervescence. Heat until effervescence subsides and
cool the beaker.

7.4 Continue to add 30% Hp0o in 1-mL aliquots with warming until the
effervescence is minimal or until the general sample appearance is unchanged.
NOTE: Do not add more than a total of 10 mL 30% H20;.

7.5 If the sample is being prepared for (a) the ICP analysis of As and
Se, or (b) the flame AA or ICP analysis of Al, Ba, Be, Ca, Cd, Cr, Co, Cu, Fe,
Pb, Mg, Mn, Mo, Ni, K, Na, T1, V, and Zn, then add 5 mL of concentrated HCl
and 10 mL of Type II water, return the covered beaker to the hot plate, and
reflux for an additional 15 min without boiling. After cooling, dilute to
100 mL with Type II water. Particulates 1in the digestate that may clog the

nebulizer should be removed by filtration, by centrifugation, or by allowing
the sample to settle.

7.5.1 Filtration: Filter throdgh Whatman No. 41 filter paper (or
equivalent) and dilute to 100 mL with Type II water.

7.5.2 Centrifugation: Centrifugation at 2,000-3,000 rpm for 10 min
is usually sufficient to clear the supernatant.

7.5.3 The diluted sample has an approximate acid concentration of

5.0% (v/v) HC1 and 5.0% (v/v) HNO3. The sample 1s now ready for
analysis.

7.6 If the sample is being prepared for the furnace analysis of As, Be,
¢d, Cr, Co, Pb, Mo, Se, T1, and V, cover the sample with a ribbed watch glass
and continue heating the acid-peroxide digestate until the volume has been
reduced to approximately 5 mL. After cooling, dilute to 100 mL with Type II
water. Particulates in the digestate should then be removed by filtration, by
centrifugation, or by aliowing the sampie to settie.

7.6.1 Fiitration: Filter through Whatman No. 41 filter paper (or
equivalent) and dilute to 100 mL with Type II water.

7.6.2 Centrifugation: Centrifugation at 2,000-3,000 for 10 min is
usually sufficient to clear the supernatant.

7.6.3 The diluted digestate solution contains approximately 5%
(v/v) HNO3. For analysis, withdraw aliquots of appropriate volume and

add any required reagent or matrix modifier. The sample is now ready for
analysis.
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7.7 Calculations:

7.7.1 The concentrations determined are to be reported on the basis
of the actual weight of the sample. If a dry weight analysis is desired,
then the percent solids of the sample must also be provided.

7.7.2 1If percent solids 1is desired, a separate determination of
percent solids must be performed on a homogeneous aliquot of the sample.

8.0 QUALITY CONTROL

8.1 For each group of samples processed, preparation blanks (Type II
water and reagents) should be carried throughout the entire sample preparation
and analytical process. These blanks will be useful in determining if samples
are being contaminated. .

8.2 Duplicate samples should be processed on a routine basis. Duplicate
samples will be used to determine precision. The sample load will dictate the
frequency,_but 20% is recommended.

8.3 Spiked samples or standard reference materials must be employed to
determine accuracy. A spiked sample should be 1included with each group of
samples processed and whenever a new sample matrix is being analyzed.

8.4 The concentration of all calibration standards should be verified
against a quality control check sample obtained from an outside source.

9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES
10.1 None required.
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METHOD 6010

INDUCTIVELY COUPLED PLASMA ATOMIC EMISSION SPECTROSCOPY

1.0 SCOPE AND APPLICATION

= 1.1 Inductively coupled plasma atomic emission spectroscopy (ICP)
determines elements including metals in solution. The method is applicable to
a large number of metals and wastes. All matrices, including ground water,
aqueous samples, EP extracts, industrial wastes, soils, sludges, sediments,
and other solid wastes, require digestion prior to analysis.

1.2 Elements for which Method 6010 is applicable are listed in Table 1.
Detection limits, sensitivity, and optimum ranges of the metals will vary with
the matrices and model of spectrometer. The data shown in Table 1 provide
concentration ranges for clean aqueous samples. Use of this method is
restricted to spectroscopists who are knowledgeable in the correction of
spectral, chemical, and physical interferences.

1.3 The method of standard addition (MSA) (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts and sample digests.unless either
serial dflution or matrix spike addition demonstrates that it is not required.

2.0 SUMMARY OF METHOD

2.1 Prior to analysis, samples must be solubilized or digested using

“appropriate Sample Preparation Methods (e.g., Methods 3005-3050).

2.2 Method 6010 describes the simultaneous, or sequential, multiele-
mental determination of elements by ICP. The method measures element-emitted
light by optical spectrometry. Samples are nebulized and the resulting
aerosol is transported to the plasma torch. Element-specific atomic-line
emission spectra are produced by a radio-frequency inductively coupled plasma.
The spectra are dispersed by a grating spectrometer, and the intensities of
the lines are monitored by photomultiplier tubes. Background correction is
required for trace element determination. Background must be measured
adjacent to analyte lines on samples during analysis. The position selected
for the background-intensity measurement, on either or both sides of the
analytical line, will be determined by the complexity of the spectrum adjacent
to the analyte line. The position used must be free of spectral interference
and reflect the same change in background intensity as occurs at the analyte
wavelength measured. Background correction {is not required in cases of line
broadening where a background correction measurement would actually degrade
the analytical result. The possibility of additional interferences named in
Section 3.0 should also be recognized and appropriate corrections made; tests
for their presence are described in Section 8.5.
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TABLE 1. RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS

Estimated Detection

Element Wavelengthd (nm) Limith (ug/L)
Aluminum 308.215 45
Antimony 206.833 32
“Arsenic - 193.696 53
Barium 455.403 2
Beryllium 313.042 0.3
Boron 249.773 5
Cadmium 226.502 4
Calcium 317.933 10
Chromium 267.716 7
Cobalt 228.616 7
Copper 324.754 6
Iron 259.940 7
Lead 220.353 42
Magnesium S 279.079 30
Manganese 257.610 2
Molybdenum 202.030 8
Nickel 231.604 15
Potassium 766.491 See note ¢
Selenium 196.026 75
Silicon 288.158 58
Silver 328.068 7
Sodium 588.995 29
Thallium 190.864 40
Vanadium 292.402 8
Zinc 213.856 2

4The wavelengths 1isted are recommended because of their sensitivity and
overall acceptance. Other wavelengths may be substituted if they can provide
the needed sensitivity and are treated with the same corrective techniques for
spectral interference (see Paragraph 3.1). In time, other elements may be
addéd as more information becomes available and as required.

bThe estimated fnstrumental detection 1imits shown are taken from
Reference 1 in Section 10.0 below. They are given as a guide for an
instrumental limit. The actual method detection 1imits are sample dependent
and may vary as the sample matrix varies.

CHighly dependent on operating conditions and plasma position.
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3.0 INTERFERENCES

3.1 Spectral interferences are caused by: (1) overlap of a spectral
line from another element; (2) unresolved overlap of molecular band spectra;
(3) background contribution from continuous or recombination phenomena; and
(4) stray 1light from the 1line emission of high-concentration elements.
Spectral overlap can be compensated for by computer-correcting the raw data
after monitoring and measuring the finterfering element. Unresolved overlap
requires selection of an alternate wavelength. Background contribution and
stray light can usually be compensated for by a background correction adjacent
to the analyte line.

Users of simultaneous multielement instruments must verify the absence of
spectral interference from an element in a sample for which there is no
instrument detection channel. Potential spectral interferences for the
recommended wavelengths are given in Table 2. The data in Table 2 are
intended as rudimentary guides for indicating potential interferences; for
this purpose, linear relations between concentration and intensity for the
analytes and the interferents can be assumed.

3.1.1 The interference is expressed as analyte concentration
equivalents (i.e., false analyte concentrations) arising from 100 mg/L of
the interference element. For example, assume that As 1{s to be
determined (at 193.696 nm) in a sample containing approximately 10 mg/L
of Al. According to Table 2, 100 mwg/L of Al would yield a false signal
for As equivalent to approximately 1.3 mg/L. Therefore, the presence of
10 mg/L of Al would result in a false signal for As equivalent to
approximately 0.13 mg/L. The user 1is cautioned that other instruments

. may exhibit somewhat different levels of interference than those shown in

" Table 2. The interference effects must be evaluated for each individual
instrument since the intensities will vary with operating conditions,
power, viewing height, argon flow rate, etc.

3.1.2 The dashes in Table 2 1indicate that no measurable
interferences were observed even at higher interferent concentrations.
Generally, interferences were discernible i{f they produced peaks, or

background shifts, corresponding to 2 to 5% of the peaks generated by the
analyte concentrations.

3.1.3 At present, information on the 1listed silver and potassium
wavelengths is not available, but it has been reported that second-order
energy from the magnesium 383.231-nm wavelength interferes with the
listed potassium line at 766.491 nm.

3.2 Physical interferences are effects associated with the sample
nebulization and transport processes. Changes 1in viscosity and surface
tension can cause significant- inaccuracies, especially in samples containing
high dissolved solids or high acid concentrations. If physical interferences
are present, they must be reduced by diluting the sample, by using a
peristaltic pump or by using the standard additions method. Another problem
that can occur with high dissolved solids 1is salt buildup at the tip of the
nebulizer, which affects aerosol flow rate and causes instrumental drift. The
problem can be controlled by wetting the argon prior to nebulization, using a
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TABLE 2. ANALYTE CONCENTRATION EQUIVALENTS ARISING FROM INTERFERENCE
AT THE 100-mg/L LEVEL

Interferent a,b
Wavelength

Analyte (rm) Al € Ct @ Fe M M N TI vV
Alunimum 308.215 20— — — = — — 02l — — 1.4
Antimony 206.833 0.47 — 2.9 — .08 - — — 0.25 045
Al.'SeniC 193.696 1.3 i OOM - - - ha - —— l.l
Barium 455403 - - - = = = =~ = -
Beryllium 313.042 - — — = = — —  — 0.04 005
Boron 249.773 0.04 — — — 032 - — — — —
Cadmivn 226.502 - - = - 003 - - 002 - -
Calcium _ 317.933 — — 008 ~ 0.0 0.01 004 — 0.03 048
Chroniun 267.716 —_ =— = - 0003 — 0.05 —_— - 004
Oobalt 228.616 - — 003 — 0005 — — 003 0.15 -
Copper 324.7% —_ _ —_ — 0,003 — - — 005 0.02
Iron 259.90 —_— _— —_— — —_— — 0.12 —_ — =
Lead 220.353 017 — — — = - = = = =
Magnesium 279.079 — 0.02 0.l1 — 0.13 — 0.25 ~ 007 0.12
Manganese 257.610 0.005 — 0.01 — 00020002 — — = -
Molybdemm 202.030 0.05 - 003 —_— - —_—
Nickel 231 .604 R
Selenium 196.026 0,23 — — =009 — -—

Silicon 288.158 —_ — 0.07 — —_— —_— -— — 0.01
Sod{um 588.995 —_— = = = = e =~ =008 -
Thallium 190.864 030  — — - -

Vanadium 292 402 —_ — 005 = 0005 —~ =~ —= 002 -
Zine 213.856 -— - — 0.14 — —_ — .29 - -

al)a:’.hes indicate that no interference was observed even when interfereants
were introduced at the following levels:

Al - 1000 mg/L, Mg - 1000 mg/L,
Ca - 1000 =g/L, Mn - 200 mg/L,
Cr - 200 mg/L, Tl - 200 mg/L,
Cu - 200 mg/L . V- 200 mg/L

Fe - 1000 wg/L

b,

The figures recorded as analyte concentrations are not the actual
observed concentrations; to obtain those figures, add the listed concentration
to the interferent figure.
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tip washer, or diluting the sample. Also, it has been reported that better
control of the argon flow rate improves instrument performance; this js
accomplished with the use of mass flow controillers.

3.3 Chemical interferences include molecular compound formation,
jonization effects, and solute vaporization effects. Normally, these effects
are not significant with the ICP technique. If observed, they can be
minimized by careful selection of operating conditions (incident power,
observation position, and so forth), by buffering of the sample, by matrix
matching, and by standard addition procedures. Chemical interferences are
highly dependent on matrix type and the specific analyte element.

4.0 APPARATUS AND MATERIALS

4.1 Inductively coupled argon plasma emission spectrometer:

4.1.1 Computer-controlled emission spectrometer with background
correction.

4.1.2 Radio frequency generator.
4.1.3 Argon gas supply: Welding grade or better. -

4.2 Operating conditions: The analyst should follow the instructions
provided by the instrument’s- manufacturer. For operation with organic
solvents, use of the auxiliary argon inlet i{s recommended, as are solvent-
resi{stant tubing, increased plasma (coolant) argon flow, decreased nebulizer
flow, and 1increased RF power . to obtain stable operation - and precise
measurements. Sensitivity, instrumental detection 1limit, precision,.linear
dynamic range, and interference effects must be established for each
individual analyte line on that particular instrument. All measurements must
be within instrument linear range where coordination factors are valid. The
analyst must (1) verify that the instrument configuration and operating
conditions satisfy the analytical requirements and (2) maintafn quality
control data confirming instrument performance and analytical results.

5.0 REAGENTS

5.1 Acids used in the preparation of standards and for sample processing
must be reagent grade or better. Redistilled acids may be used.

5.1.1 Concentrated hydrochloric acid (HC1).

+ 5.1.2 Hydrochloric acid (1:1): Add 500 mL concentrated HC1 to
400 mL Type II water and dilute to 1 liter.

- 5.1.3 Concentrated nitric acid (HNO3).

5.1.4 Nitric acid (1:1): Add 500 mL concentrated HNO3 to 400 mL
Type 1I water and dilute to 1 liter.
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5.2 ASTM Type IT water (ASTM D1193): Water should be monitored for
impurities.

5.3 Standard stock solutions may be purchased or prepared from ultra-
high purity grade chemicals or metals (99.99 to 99.999% pure). All salts must
be dried for 1 hr at 105°C, unless otherwise specified.

(CAUTION: Many metal salts are extremely toxic if inhaled or swallowed.

- Wash hands thoroughly after handling.)
Typical stock solution preparation procedures follow. Concentrations are
calculated based upon the weight of pure metal added, or with the use of the
mole fraction and the weight of the metal salt added.

Concentration (ppm) = cg%ugg T

Metal salts
Concentration (ppm) =

Metal

weight (mg) x mole fraction
volume (L)

5.3.1 Aluminum solution, stock, 1 mL = 100 ug Al: Dissolve 0.10 g
of aluminum metal, weighed accurately to at least four significant
figures, in an acid mixture of 4 mL of (1:1) HCI and 1 mL of concentrated
HNO3 in a beaker. Warm gently to effect solution. When solution is
complete, transfer quantitatively to a liter flask, add an additional
10 mL of (1:1) HCI and dilute to 1,000 mL with Type II water.

5.3.2 Antimony solution, stock, 1 mL = 100 ug Sb: Dissolve 0.27 g
K(Sb0)C4H40g (mole fraction Sb = 0.3749), weighed accurately to at least
four sign?f?cant figures, in Type II water, add 10 mL (1:1) HC1, and
dilute to 1,000 mL with Type II water.

5.3.3 Arsenic solution, stock, 1 mL = 100 ug As: Dissolve 0.13 g
of Asp03 (mole fraction As = 0.7574), weighed accurately to at least four
signi%icant figures, in 100 mL of Type II water containing 0.4.g NaOH.
Acidify the solution with 2 mL concentrated HNO3 and dilute to 1,000 mL
with Type II water.

5.3.4 Barium solution, stock, 1 mL = 100 ug Ba: Dissolve 0.15 g

BaCl, (mole fraction Ba = 0.6595), dried at 250°C for 2 hr, weighed

- accurately to at least four significant figures, in 10 mL Type II water

‘with 1 mL (1:1) HC1. Add 10.0 mL (1:1) HC1 and dilute to 1,000 mL with
Type II water.

5.3.5 Beryllium solution, stock, 1 mL = 100 ug Be: Do not dry.
Dissolve 1.97 g BeSO4-4H,0 (mole fraction Be = 0.0509), weighed
accurately to at least four significant figures, 1in Type II water, add
10.0 m) concentrated HNO3, and dilute to 1,000 mL with Type II water.
Mole fraction = 0.0509.
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5.3.6 Boron solution, stock 1 mL = 100 ug B: Do not dry. Dissolve
0.57 g anhydrous H3BO3 (mole fraction B = 0.1748), weighed accurately to
at least four significant figures, in Type II water.and dilute to 1,000
mL. Use a reagent meeting ACS specifications, keep the bottle tightly
stoppered, and store in a desiccator to prevent the entrance of
atmospheric moisture.

- 5.3.7 Cadmium solution, stock, 1 mL = 100 ug Cd: Dissolve 0.11 g
Cd0 (mole fraction Cd = 0.8754), weighed accurately to at least four
significant figures, in a minimum amount of (1:1) HNO3. Heat to increase
rate of dissolution. Add 10.0 mL concentrated HNO3 and dilute to 1,000
mL with Type II water.

5.3.8 Calcium solution, stock, 1 mL = 100 ug Ca: Suspend 0.25 g
CaC03 (mole Ca fraction = 0.4005), dried at 180°C for 1 hr before
weighing, weighed accurately to at least four significant figures, in
Type II water and dissolve cautiously with a minimum amount of (1:1)

HNO3. Add 10.0 mL concentrated HNO3 and dilute to 1,000 mL with Type II
water.

5.3.9 Chromium solution, stock, 1 mL = 100 ug Cr: Dissolve
0.19 g Cr03 (mole fraction Cr = 0.5200), weighed accurately to at least
four significant figures, in Type II water. When solution is complete,
acidify with 10 mL concentrated HNO3 and dilute to 1,000 mL with Type II
water. ’

5.3.10 Cobalt solution, stock, 1 mL = 100 ug Co: Dissolve 0.1000 g
of cobalt metal, weighed accurately to at least four significant figures,

in a minimum amount of (1:1) HNO3. Add 10.0 mL (1:1) HCI and dilute to
1,000 mL with Type II water.

5.3.11 Copper solution, stock, 1 mL = 100 ug Cu: Dissolve
0.13 g Cu0 (mole fraction Cu = 0.7989), weighed accurately to at least
four significant figures), in a minimum amount of (1:1) HNO3. Add 10.0
mL concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.3.12 Iron solution, stock, 1 mL = 100 ug Fe: Dissolve 0.14 g
Fep03 (mole fraction Fe = 0.6994), weighed accurately to at least four
significant figures, in a warm mixture of 20 mL (1:1) HCl1 and 2 mL of
concentrated HNO3. Cool, add an additional 5.0 mL of concentrated HNO3,
and dilute to 1,000 mL with Type II water.

5.3.13 Lead solution, stock, 1 mL = 100 ug Pb: Dissolve 0.16 g
Pb(NO3)2 (mole fraction Pb = 0.6256), weighed accurately to at least four
significant figures, in a minimum amount of - (1:1) HNO3. Add 10 mL (1:1)
HNO3 and dilute to 1,000 mL with Type II water.

5.3.14 Magnesium solution, stock, 1 mL = 100 ug Mg: Dissolve
0.17 g Mg0 (mole fraction Mg = 0.6030), weighed accurately to at least
four significant figures, in a minimum amount of (1:1) HNO3. Add 10.0 mL
(1:1) concentrated HNO3 and dilute to 1,000 mL with Type II water.
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5.3.15 Manganese solution, stock, 1 mL = 100 ug Mn: Dissolve
0.1000 g of manganese metal, weighed accurately to at Jleast four
significant figures, in acid mixture (10 mL concentrated HC! and 1 mL
concentrated HNO3) and dilute to 1,000 mL with Type II water.

5.3.16 Molybdenum solution, stock, 1 mL = 100 ug Mo: Dissolve
0.20 g (NHg)gMo70p4-4Hp0 (mole fraction Mo = 0.5772), weighed accurately
to at least four significant figures, 1in Type 1I water and dilute to
1,000 mL with Type II water.

5.3.17 Nickel solution, stock, 1 mL = 100 ug Ni: Dissolve 0.1000 g
of nickel metal, weighed accurately to at least four significant figures,

in 10.0 mL hot concentrated HNO3, cool, and dilute to 1,000 mL with Type
IT water.

5.3.18 Potassium solution, stock, 1 mL = 100 ug K: Dissolve
0.19 g KC1 (mole fraction K = 0.5244) dried at 110°C, weighed accurately

to at least four significant figures, 1in Type II water and dilute to
1,000 mL.

5.3.19 Selenium solution, stock, 1 mL = 100 ug Se: Do not dry.
Dissolve 0.17 g HySe03 (mole fraction Se = 0.6123), weighed accurately to

at least four significant figures, in Type II water and dilute to 1,000
mL.

5.3.20 Silica solutionm, stock, 1 mL = 100 ug Si02: Do not dry.
Dissolve 0.47 g NapSi03-9H,0 (mole fractfon Si = 0.09884), weighed
accurately to at least four significant figures, in Type II water. Add
10.0 mL concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.3.21 Silver solution, stock, 1 mL = 100 ug Ag: Dissolve 0.16 g
AgNO3 (mole fraction Ag = 0.6350), weighed accurately to at least four
significant figures, 1in Type II water and 10 mL concentrated HNO3.
Dilute to 1,000 mL with Type II water.

5.3.22 Sodium solution, stock, 1 mL = 100 ug Na: Dissolve 0.25 g
NaCl (mole fraction Na = 0.3934), weighed accurately to at least four
significant figures, in Type II water. Add 10.0 mL concentrated HNO3 and
dilute to 1,000 mL with Type II water.

. 5.3.23 Thallium solution, stock, 1 mL = 100 ug Tl: Dissolve

0.13 g TINO3 (mole fraction T1 = 0.7672), weighed accurately to at least
four significant figures, in Type II water. Add 10.0 mL concentrated
HNO3. and dilute to 1,000 mL with Type II water.

5.3.24 Vanadium solution, stock, 1 mL = 100 ug V: Dissolve
0.23 g NH4V03 (mole fraction V = 0.4356), weighed accurately to at least
four significant figures, in a minimum amount of concentrated HNO3. Heat
to increase rate of dissolution. Add 10.0 mL concentrated HNO3 and
dilute to 1,000 mL with Type II water.
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5.3.25 Zinc solution, stock, 1 mL = 100 ug Zn: Dissolve 0.12 g Zno
(mole fraction Zn = 0.8034), weighed accurately to at least four
significant figures, in a minimum amount of dilute HNO3. Add 10.0 mL
concentrated HNO3 and dilute to 1,000 mL with Type II water.

5.4 Mixed calibration standard solutions: Prepare mixed calibration
standard solutions by combining appropriate volumes of the stock solutions in
volumetric flasks (see Table 3). Add 2 mL (1:1) HNO3 and 10 mL of (1:1) HCI
and dilute to 100 mL with Type II water (see NOTE, below). Prior to preparing
the mixed standards, each stock solution should be analyzed separately to
determine possible spectral interference or the presence of impurities. Care
should be taken when preparing the mixed standards to ensure that the elements
are compatible and stable together. Transfer the mixed standard solutions to
FEP fluorocarbon or previously unused polyethylene or polypropylene bottles
for storage. Fresh mixed standards should be prepared, as needed, with the
realization that concentration can change on aging. Calibration standards
must be initially verified using a quality control sample (see Paragraph 5.8)
and monitored weekly for stability. Some typical calibration standard

.. combinations are listed in Table 3. All mixtures should then be scanned using

a sequential spectrometer to verify the absence of interelement spectral
interference in the recommended mixed standard solutions.

NOTE: If the addition of silver to the recommended acid combination
results in an initial precipitation, add 15 mL of Type II water
and warm the flask until the solution clears. Cool and dilute to
100 mL with Type II water. For this acid combination, the silver
concentration should be limited to 2 mg/L. Silver under these
conditions is stable in a tap-water matrix for 30 days. Higher
concentrations of silver require additional HC1.

TABLE 3. MIXED STANDARD SOLUTIONS

Solution Elements
I Be, Cd, Mn, Pb, Se and Zn
11 Ba, Co, Cu, Fe, and V
III As, Mo, and Si
Iv Al, Ca, Cr, K, Na, and N{ -
. v Ag (see Note to Paragraph 5.4),

B, Mg, Sb, and T1
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5.5 Two types of blanks are required for the analysis. The calibration
blank is used in establishing the analytical curve, and the reagent blank is
used to correct for possible contamination resulting from varying amounts of
the acids used in the sample processing.

5.5.1 The calibration blank is prepared by diluting 2 mL of (1:1)
HNO3 and 10 mL of (1:1) HC1 to 100 mL with Type II water. Prepare a
- sufficient quantity to flush the system between standards and samples.

5.5.2 The reagent blank must contain all the reagents and in the
same volumes as used 1in the processing of the samples. The reagent
bYank must be carried through the complete procedure and contain the
same acid concentration in the final solution as the sample solution used
for analysis.

5.6 The instrument check standard is prepared by the analyst by com-
bining compatible elements at concentrations equivalent to the midpoint of
their respective calibration curves (see Paragraph 8.6.2.1 for use).

5.7 The interference check solution is prepared to contain known
concentrations of interfering elements that will provide an adequate test of
the correction factors. Spike the sample with the elements of interest at
approximate concentrations of 10 times the instrumental detection limits. In
the absence of measurable analyte, overcorrection could go undetected because
a negative value could be reported as zero. If the particular instrument will

display overcorrection as a negative number, this spiking procedure will not
be necessary.

5.8 The quality control sample should be prepared in the same acid
matrix as the calibration standards at 10 times the instrumental detection
limits and in accordance with the instructions provided by the supplier.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material 1in Chapter Three, Inorganic Analytes,
Sections 3.1 through 3.3.

7.0 PROCEDURE

- 7.1 Preliminary treatment of all matrices is always necessary because of
the complexity and variability of sample matrices. Solubilization and
digestion procedures are presented in Sample Preparation Methods (Methods
3005-3050). The method of standard additfon (MSA) (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts and sample digests unless either
serial dilution or matrix -spike addition demonstrates that it is not required.
An internal standard may be substituted for the MSA.
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7.2 Set up the instrument with proper operating parameters established
in Paragraph 4.2. The instrument must be allowed to become thermally stable

before beginning (usually requiring at least 30 min of operation prior to
calibration).

7.3 Profile and calibrate the instrument according to the instrument
manufacturer's recommended procedures, using the typical mixed calibration
standard solutions described in Paragraph 5.4. Flush the system with the
calibration blank (5.5.1) between each standard (see NOTE, below). (Use the
average intensity of multiple exposures for both standardization and sample
analysis to reduce random error.)

NOTE: For boron concentrations greater than 500 ug/L, extended flush

times of 1 or 2 min may be required.

7.4 Before beginning the sample run, reanalyze the highest mixed
calibration standard as if it were a sample. Concentration values obtained
should not deviate from the actual values by more than 5% (or the established
control limits, whichever is lower). If they do, follow the recommendations
of the instrument manufacturer to correct for this condition.

7.5 Flush the system with the calibration blank solution for at least
1 min (Paragraph 5.5.1) before the analysis of each sample (see Note to

Paragraph 7.3). Analyze the instrument check standard -{(5.6) and the
calibration blank (5.5.1) after each 10 samples.

7.6 Calculations: If dilutions were performed, the appropriate factors
must be applied to sample values. All results should be reported in ug/L with
up to three significant figures.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Dilute and reanalyze samples that are more concentrated than the
linear calibration limit or use an alternate, less sensitive line for which
quality control data is already established.

8.3 Employ a minimum of one laboratory blank per sample batch to
determine 1f contamination or any memory effects are occurring.

8.4 Analyze one duplicate sample for every 20 samples. A duplicate

sample 1s a sample brought through the whole sample preparation and analytical

process. .

8.5 It is recommended that whenever a new or unusual sample matrix {is
encountered, a series of tests be performed prior to reporting concentration
data for analyte elements. These tests, as outlined in 8.5.1 through 8.5.3,
will ensure the analyst that neither positive nor negative interferences are

operating on any of the analyte elements to distort the accuracy of the
reported values.
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8.5.1 Serial dilution: If the analyte concentration is
sufficiently high (minimally, a factor of 10 above the instrumental
detection limit after dilution), an analysis of a 1:4 dilution should
agree within +10% of the original determination. If not, a chemical or
physical interference effect should be suspected.

8.5.2 Matrix spike addition: An analyte spike added to a portion
of a prepared sample, or its dilution, should be recovered to within 75%
to 125% of the known value. The spike addition should produce a minimum
level of 10 times and a maximum of 100 times the instrumental detection
limit. If the spike 1is not recovered within the specified limits, a
matrix effect should be suspected. The use of a standard-addition
analysis procedure can usually compensate for this effect.

CAUTION: The standard-addition technique does not detect coincident
spectral overlap. If suspected, use of computerized
compensation, an alternate wavelength, or comparison with
an alternate method is recommended.

8.5.3 Standard addition: The standard-addition technique involves
adding known amounts of standard to one or more aliquots of the processed
sample solution. This technique compensates: for a sample constituent
that enhances or depresses the analyte signal, thus producing a different
slope from that of the calibration standards. It will not correct for
additive interferences which cause a baseline shift. The simplest
version of this technique is the single-addition method, in which two
identical aliquots of the sample solution, each of Volume Vx, are taken.
To the first ?labeled A) is added a small volume V¢ of a standard analyte
solution of concentration cg. To the second (fabeled B) is added the
same volume Vg of the solvent. The analytical signals of A and B are

measured and corrected for nonanalyte signals. The unknown sample
concentration cy is calculated:

SBvscs

C =
X (SA - SB) Vx

where Sp and Sg are the analytical signals (corrected for the blank) of
solutions A and B, respectively. Vg and cg should be chosen so that Sp
is roughly twice Sg on the average. It 1s best if Vg is made much less
than Vy, and thus cg is much greater than cx, to avoid excess dilution of
the sample matrix. If a separation or concentration step is used, the
additions are best made first and carried through the entire procedure.

For the results of this technique to be valid, the following limitations
must be taken into consideration:

1. The analytical curve must be 1inear.

2. The chemical form of the analyte added must respond the same
way as the analyte in the sample.
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3. The interference effect must be constant over the working range of
concern. ’

4. The signal must be corrected for any additive interference.

The absorbance of each solution is determined and then plotted on the
vertical axis of a graph, with the concentrations of the known standards

_plotted on the horizontal axis. When the resulting line is extrapolated

back to zero absorbance, the point of interception of the abscissa is the
concentration of the unknown. The abscissa on the left of the ordinate
js scaled the same as on the right side, but in the opposite direction

from the ordinate. An example of a plot so obtained is shown in
Figure 1.

8.6 Check the instrument standardization by analyzing appropriate

quality control check standards as follows.

8.6.1 Check instrument calibration using a calibration blank and
two appropriate standards.

8.6.2 Verify calibration every 10 samples and at the end of the
analytical run, using a calibration blank (5.5.1) and a single point
check standard (5.6).

8.6.2.1 The results of the check standard are to agree within
10% of the expected value; if not, terminate the analysis, correct
the problem, and recalibrate the instrument.

8.6.2.2 The results of the calibration blank are to agree
within three standard deviations of the mean blank value. If not,
repeat the analysis two more times and average the results. If the
average is not within three standard deviations of the background
mean, terminate the analysis, correct the problem, recalibrate, and
reanalyze the previous 10 samples.

8.6.3 Verify the interelement and background correction factors at
the beginning and end of an analytical run or twice during every 8-hour
work shift, whichever is more frequent. Do this by analyzing the

interference check sample (Paragraph 5.7). Results should be within +20%
of the true value obtained in 8.6.2.1.

8.6.4 Duplicate spiked samples are to be analyzed at a frequency of
20%.

8.6.4.1 The relative percent difference between duplicate
determinations is to be calculated as follows:
D. -D

- 2
RPD = D] 7 DZ 77 X 100
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RPD = relative percent difference.
Dy = first sample value.
D7 = second sample value (duplicate).

(A control limit of +20% for RPD shall be used for sample values
- greater than 10 times the instrument detection limit.)

8.6.4.2 The duplicate matrix spike sample recovery is to be
within +20% of the actual value.

8.6.5 The method of standard addition (Paragraph 8.5.3) shall be
used for the analysis of all EP extracts.

9.0 METHOD PERFORMANCE

9.1 In an EPA round-robin Phase 1 study, seven laboratories applied the
ICP technique to acid-distilled water matrices that had been spiked with
various metal concentrates. Table 4 lists the true values, the mean reported
values, and the mean percent relative standard deviations.

9.2 In a single laboratory evaluation, seven wastes were analyzed for 22
elements by this method. The mean percent relative standard deviation from
triplicate analyses for all elements and wastes was 9+2%. The mean percent

"recovery of spiked elements for all wastes was 93+6%. Spike levels ranged

from 100 ug/L to 100 mg/L The wastes included sludges and industrial
wastewaters.
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TABLE 4. ICP PRECISION AND ACCURACY DATA2

Sample No. 1 Sample No. 2 Sample No. 3
‘ Mean Re- Mean Re- Mean Re-

True ported Mea True ported Mea True ported Mea
Ele- Value Value SD Value Value SD Value Value SD
ment (ug/L) (ug/L) (%) (ug/L) (ug/L) (%) (ug/t) (ug/L) (%)
Be 750 733 6.2 . 20 20 9.8 180 176 5.2
Mn 350 345 2.7 15 15 6.7 100 99 3.3
v 750 749 1.8 70 69 2.9 170 169 1.1
As 200 208 7.5 22 19 23 60 63 17
Cr 150 149 3.8 10 10 18 50 50 3.3.
Cu 250 235 5.1 11 11 40 70 67 7.9
Fe 600 594 3.0 20 19 15 180 178 6.0
Al 700 696 5.6 60 62 33 160 161 13
Cd 50 48 12 2.5 2.9 16 14 13 16
Co 700 512 10 20 20 4.1 120 - 108 21
Ni 250 245 5.8 30 28 11 60 55 14
Pb 250 236 16 24 30 32 80 80 14
In 200 201 5.6 16 19 45 80 82 9.4
Sec 40 32 21.9 6 8.5 42 10 8.5 8.3

3Not all elements were analyzed h} all laboratories.
bsp = standard deviation.

CResults for Se are from two laboratories.
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METHOD 7040
ANTIMONY (ATOMIC ABSORPTION, DIRECT ASPIRATION)

1.0 SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 7000

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000,

3.0 INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 In the presenée of lead (1,000 mg/L), a spectral interference may
occur at the 217.6-nm resonance line. In this case, the 231.1-nm antimony
Tine should be used.

3.3 Increasing the acid concentrations decreases the antimony
absorption. -To avoid this effect,. the -acid concentration in.the samples and
in the standards should be matched. :

3.4 Excess concentrations of copper and niéke] (and possibly other
elements), as well as acids, can interfere with antimony analyses. If the
sample contains these matrix types, either matrices of the standards should be

matched to those of the sample or the sample should be analyzed using a
nitrous oxide/acetylene flame.

4.0 APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

Antimony hollow cathode lamp or electrodeless discharge lamp.
Wavelength: 217.6 nm (primary); 231.1 nm (secondary).

Fuel: Acetylene.

Oxidant: Air. .

Type of flame: Fuel lean.

Background correction: Required.

o
.

* .

NP WN ==

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 Stock solution: Carefully weigh 2.7426 g of antimony
potassium tartrate, K(Sb0)Cg4H40g-1/2H20 (analytical reagent grade), and
dissolve in Type II water. ODilute to 1 liter with Type II water; I mL =
1 mg Sb (1,000 mg/L). Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should contain 0.2% (v/v) HNO3 and 1-2% v/v HCl, prepared using the same
types of acid and at the same concentrations as in the sample after
processing.

6.0 SAM?LE COLLECTION, PRESERVATION, AND HANDLING
6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Method 3005. Method 3005, a soft digestion, is presently the
only digestion procedure recommended for Sb. It yields better recoveries than

e?ther Method 3010 or Method 3050. There 1is no hard digestion for Sb at this
time.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration Procedure.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum cohcentration range: 1-40 mg/L with a wavelength of 217.6 nm.
Sensitivity: 0.5 mg/L.
Detection limit: 0.2 mg/L.

9,2 In a single laboratory, analysis of a mixed industrial-domestic
waste effluent, digested with Method 3010, at concentrations of 5.0 and 15 mg
Sb/L gave the standard deviations of +0.08 and +0.1, respectively. Recoveries
at these levels were 96% and 97%, respectively.

9.3 For concentrations of antimony below 0.35 mg/L, the furnace
procedure (Method 7041) is recommended.
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10.0 REFERENCES

1. Methods for Chemical
December 1982, Method 204.1.

Analysis of Water and Wastes, EPA-600/4-82-055,
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1.0

METHOD 7041

ANTIMONY (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD

2.1 See Section 2.6 of Method 7000.
3.0 INTERFERENCES

3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 High lead concentration may cause a measurable spectral interference
on the 217.6-nm line. If this 1interference 1is expected, the secondary

wavelength should be employed or Zeeman background correction used.

4.0

5.0

APPARATUS AND MATERIALS
4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4.2.1 Drying time and temp: 30 sec at 125°C.

4.2.2 Ashing time and temp: 30 sec at 800°C.

4.2.3 Atomizing time and temp: 10 sec at 2700°C.

4.2.4 Purge gas: Argon or nitrogen.

4.2.5 Wavelength: 217.6 nm (primary); 231.1 nm (alternate).

4.2.6 Background correction: Required.

4.2.7 Other operating parameters should be set as specified by the

particular instrument manufacturer.

NOTE: The above concentration values and instrument conditions are for a
Perkin-Elmer HGA-2100, based on the use of a 20-uL injection,
- continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures

for shorter time periods than the above-recommended settings.

REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 Stock solution: Carefully weigh 2.7426 g of antimony
potassium tartrate (analytical reagent grade) and dissolve in Type 11
water. Dilute to 1 liter with Type II water; 1 mL = 1 mg Sb

(1,000 mg/L). Alternatively, procure a certified standard from a
supplier and verify by comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should contain 0.2% (v/v) HNO3 and 1-2% (v/v) HCl, prepared using the
same types of acid and at the same concentrations as in the sample after’
processing.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Method 3005. Method 3005, a soft digestion, is presently the
only digestion procedure recommended for Sb. It yields better recoveries than
either Method 3010 or Method 3050. There 1{s no hard digestion for Sb at this
time.

.NOTE: The addition of HC1 acid to the digestate prevents the furnace

analysis of this digestate for many other metals.

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE
9.1 Precision and accuracy data are not available at this time.

9.2 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration-range: 20-300 ug/L.
Detection limit: 3 ug/L.
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1. Methods for Chemical
. December 1982, Method 204.2.

Analysis of Water and Wastes, EPA-600/4-82-055,
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1.0

2.0

3.0

4.0

METHOD 7420

LEAD (ATOMIC ABSORPTION, DIRECT ASPIRATION)

SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 7000.

SUMMARY OF METHOD

2.1 See Section 2.0 of Method 7000.

INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.

3.2 Background correction is required at either wavelength.

APPARATUS AND MATERIALS

4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters {general):

1 Lead hollow cathode lamp.

2 Wavelength: 283.3 nm (primary); 217.0 nm (alternate).
3 Fuel: Acetylene.

.4 Oxidant: Air.

5 Type of flame: Oxidizing (fuel lean).

6 Background correction: Required.

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000.

5,2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.599 g of lead nitrate, Pb(NO3)»
(analytical reagent grade), in Type II water, acidify with 10 mL
redistilled HNO3, and dilute to 1 Tliter with Type II water. Alterna-
tively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be wused as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentration as will result in the sample to be analyzed after
processing.
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6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Sectfon 3.1.3, Sample Handling and Preservation.

7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2.

7.2 See Method 7000, Paragraph 7.2, Direct Aspiration.

8.0 QUALITY CONTROL
8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 The performance characteristics for an aqueous sample free of
interferences are:

Optimum concentration range: 1-20 mg/L with a wavelength of 283.3 nm.
Sensitivity: 0.5 mg/L.
Detection limit: 0.1 mg/L.

. 9.2 For concentrations of lead below 0.2 mg/L, the furnace technique
(Method 7421) 1s recommended.

9.3 Precision and accuracy data are available in Method 239.1 of Methods
for Chemical Analysis of Water and Wastes.

9.4 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.

10.0 REFERENCES

1. _ Methods for Chemical Analysis of Water and Wastes, EPA-600/4-82-055,
December 1982, Method 239.1.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA
Sample Preparation Laboratory
Matrix Method Replicates
Wastewater treatment sludge 3050 450, 404 ug/g
Emission control dust 3050 42,500, 63,600 ug/g
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METHOD 7421
LEAD (ATOMIC ABSORPTION, FURNACE TECHNIQUE)

1.0 SCOPE AND APPLICATION

1.1 See Section 1.0 of Method 7000.

2.0 SUMMARY OF METHOD
2.1 See Section 2.0 of Method 7000.

3.0 INTERFERENCES
3.1 See Section 3.0 of Method 7000 if interferences are suspected.
3.2 Background correction is required.

3.3 If poor recoveries are obtained, a matrix modifier may be necessary.

Add 10 uL of phosphoric acid (Paragraph 5.3) to 1 mL of prepared sample in the
furnace sampler cup and mix well,

4.0 APPARATUS AND MATERIALS
_ 4.1 For basic apparatus, see Section 4.0 of Method 7000.

4.2 Instrument parameters (general):

4,2.1 Drying time and temp: 30°sec at 125°C.
4.2.2 Ashing time and temp: 30°sec at 500°C.
4,2.3 Atomizing time and temp: 10 sec at 2700°C.
4.2.4 Purge gas: Argon.
4.2.5 Wavelength: 283.3 nm.
4.2.6 Background correction: Required.
4.2.7 Other operating parameters should be set as specified by the
particular instrument manufacturer.
NOTE: The above concentration values and instrument conditions are for a

Perkin-Elmer HGA-2100, based on the -use of a 20-ul injection,
continuous-flow purge gas, and nonpyrolytic graphite. Smaller
sizes of furnace devices or those employing faster rates of
atomization can be operated using lower atomization temperatures
for shorter time periods than the above-recommended settings.

5.0 REAGENTS

5.1 See Section 5.0 of Method 7000.
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5.2 Preparation of standards:

5.2.1 Stock solution: Dissolve 1.599 g of lead nitrate, Pb(NO3),
(analytical reagent grade), in Type II water, acidify with 10 mL
redistilled HNO3, and dilute to 1 1liter with Type II water. Alterna-

tively, procure a certified standard from a supplier and verify by
comparison with a second standard.

5.2.2 Prepare dilutions of the stock solution to be used as
calibration standards at the time of analysis. The calibration standards
should be prepared using the same type of acid and at the same
concentrations as in the sample after processing (0.5% v/v HNO3).

5.3 Phosphoric acid: Reagent grade.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See Chapter Three, Section 3.1.3, Sample Handling and Preservation.
7.0 PROCEDURE

7.1 Sample preparation: The procedures for preparation of the sample
are given in Chapter Three, Section 3.2. '

7.2 See Method 7000, Paragraph 7.3, Furnace Procedure. The calculation
is given in Method 7000, Paragraph 7.4.

8.0 QUALITY CONTROL

8.1 See Section 8.0 of Method 7000.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 239.2 of Methods
for Chemical Analysis of Water and Wastes.

9.2 The performance characteristics for an aqueous sample free of
intérferences are:

‘Optimum concentration range: 5-100 ug/L.
Detection limit: 1 ug/L.

9.3 The data shown in Table 1 were obtained from records of state and
contractor laboratories. The data are intended to show the precision of the
combined sample preparation and analysis method.
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10.0 REFERENCES

1. Lead by Flameless Atomic Absorption with Phosphate Matrix Modification,
Atomic Spectroscopy, 1 (1980), no. 3, pp. 80-81.

2. Gaskill, A., Compilation and Evaluation of RCRA Method Performance Data,
Work Assignment No. 2, EPA Contract No. 68-01-7075, September 1986.
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TABLE 1. METHOD PERFORMANCE DATA

Sample Preparation Laboratory
Matrix Method Replicates
Contaminated soil 3050 163, 120 mg/g
Paint primer 3050 0.55, 0.63 mg/g
Lagoon soil 3050 10.1, 10.0 ug/g
NBS SRM 1646 Estuarine sediment 3050 23.7 ug/g?
NBS SRM 1085 Wear metals in
lubricating oil 3030 274, 298 ug/gb
Solvent extracted oily waste 3030 9, 18 ug/L
3Bjas of -16% from expected.
bgias of -10 and -2% from expected, respectively.
7421 — 4
Revision 0

Daﬁe September 1986
300595



LEAD

{ATOMIC ABSORPTION,

METHOD 7421

Start

| 5.0 |

Prepere
standards

7.1
For
sample
preparation see
chapter 3,
section 3.2

7.2

Analyze using
Method 7000,
Section 7.3,

calculation 7.4

Stop

7421 - 5

FUANACE TECHNIQUE)

Revision 0

Date September 1986



METHOD 8080

ORGANOCHLORINE PESTICIDES AND PCBs

1.0 SCOPE AND APPLICATION

1.1 Method 8080 1is used to determine the concentration of various

organochlorine pesticides and polychlorinated biphenyls (PCBs). Table 1
indicates compounds that may be determined by this method and Tists the method
detection limit for each compound in reagent water. Table 2 lists the

practical quantitation limit (PQL) for other matrices.

2.0 SUMMARY OF METHOD

- 2.1 Method 8080 provides gas chromatographic conditions for the
detection of ppb levels of certain organochlorine pesticides and PCBs. Prior

'to the use of this method, appropriate sample extraction techniques must be

used. Both neat and diluted organic liquids (Method 3580, Waste Dilution) may
be analyzed by direct injection. A 2- to 5-uL sample is injected into a gas
chromatograph (GC) using the solvent flush technique, and compounds in the GC
effluent are detected by an electron capture detector (ECD) or a halogen-
specific detector (HSD).

2.2 The sensitivity of Method 8080 usually depends on the level of
interferences rather than on instrumental limitations. If interferences
prevent detection of the analytes, Method 8080 may also be performed on
samples that have undergone cleanup. Method 3620, Florisil Column Cleanup, by

itself or followed by 'Method 3660, Sulfur Cleanup, may be used to eliminate
interferences in the analysis.

3.0 INTERFERENCES
3.1 Refer to Methods 3500 (Section 3.5, in particular), 3600, and 8000.

3.2 Interferences by phthalate esters can pose a major problem in
pesticide determinations when using the electron capture detector. These
compounds generally appear in the chromatogram as large late-eluting peaks,
especially in the 15% and 50% fractions from the Florisil cleanup. Common
flexible plastics contain varying amounts of phthalates. These phthalates are
easily extracted or leached from such materials during laboratory operations.
Cross contamination of clean glassware  routinely occurs when plastics are
handled during extraction steps, especially when solvent-wetted surfaces are
handled. Interferences from phthalates can best be minimized by avoiding
contact with any plastic materials. Exhaustive cleanup of reagents and
glassware may be required to eliminate background phthalate contamination.
The contamination from phthalate esters can be completely eliminated with a
microcoulometric or electrolytic conductivity detector.
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TABLE 1. GAS CHROMATOGRAPHY OF PESTICIDES AND PCBs@

Retention time (min) ~ Method
Detection
Compound Col. 1 Col. 2 Timit (ug/L)
Aldrin 2.40 4.10 0.004
a-BHC ‘ 1.35 1.82 0.003
f-BHC 1.90 1.97 0.006
6-BHC 2.15 2.20 0.009
7-BHC (Lindane) 1.70 2.13 0.004
Chlordane (technical) e e 0.014
4,4'-DDD 7.83 9.08 0.011
4,4'-DDE 5.13 7.15 0.004
4,4'-DDT 9.40 - 11.75 0.012
Dieldrin 5.45 7.23 0.002
Endosulfan I 4,50 6.20 0.014
* Endosulfan II 8.00 8.28 0.004
Endosulfan sulfate - 14.22 10.70 0.066
Endrin 6.55 8.10 0.006
Endrin aldehyde 11.82 9.30 0.023
Heptachlor 2.00 3.35 0.003
Heptachlor epoxide 3.50 5.00 0.083
Methoxychlor 18.20 26.60 0.176
Toxaphene e e 0.24
PCB-1016 e e nd
© PCB-1221 e e nd
PCB-1232 e e nd
pPCB-1242 e e 0.065
PCB-1248 e e nd
PCB-1254 e e nd
PCB-1260 e e nd
ay.s. EPA. Method 617. Organochloride Pesticides and PCBs.

Environmental Monitoring and Support Laboratory, Cincinnati, Ohio 45268.

e Multiple peak response.

nd

not determined.
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TABLE 2. DETERMINATION OF PRACTICAL QUANTITATION LIMITS (PQL) FOR VARIOUS

MATRICES?

Matrix Factord
Ground water 10
Low-level soil by sonication with GPC cleanup 670
High-level soil and sludges by sonication 10,000
Non-water miscible waste 100,000

daSample PQLs are highly matrix-dependent.

The

PQLs listed herein are

provided for guidance and may not always be achievable.

bpQL = [Method detection 1imit (Table 1)] X [Factor (Table 2)]. For non-
aqueous samples, the factor is on a wet-weight basis.

8080 - 3

Revision 0
Date September 1986

300599



t3

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph:

4.1.1 Gas Chromatograph: Analytical system complete with gas
chromatograph suitable for on-column injections and all required
accessories, including detectors, column supplies, recorder, gases, and

syringes. A data system for measuring peak heights and/or peak areas is
recommended.

4.1.2 Columns:

4.1.2.1 Column 1: Supelcoport (100/120 mesh) coated with 1.5%
SP-2250/1.95% SP-2401 packed in a 1.8-m x 4-mm I.D. glass column or
equivalent.

4.1.2.2 Column 2: Supelcoport (100/120 mesh) coated with 3%
OV-1 in a 1.8-m x 4-mm I.D. glass column or equivalent.

4.1.3 Detectors: Electron capture (ECD) or halogen specific (HSD)
(i.e., electrolytic conductivity detector).

4.2 Kuderna-Danish (K-D) apparatus:

4,2.1 Concentrator tube: 10-mL, graduated (Kontes K-570050-1025 or

equivalent). Ground-glass stopper is used to prevent evaporation of
extracts

4.2.2 Evaporation flask: 500-mL  (Kontes K-570001-500 or
equivalent). Attach to concentrator tube with springs.

4.2.3 Snyder column: Three-ball macro (Kontes K-503000-0121 or
equivalent).

4.2.4 Snyder column: Two-ball micro (Kontes K-569001-0219 or
equivalent).

4.3 Boiling chips: Solvent extracted, approximately 10/40 mesh (silicon
carbide or equivalent).

4.4 MWater bath: Heated, with concentric ring cover, capable of
temperature control (+5°C). The bath should be used in a hood.

4.5 Volumetric flasks: 10-, 50-, and 100-mi, ground-glass stopper.

4.6 Microsyringe: 10-ul.

4.7 Syringe: 5-mbL.

4.8 Vials: Glass, 2-, 10-, and 20-mL capacity with Teflon-lined screw
cap.
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+5.0 REAGENTS

5.1 Solvents: Hexane, acetone, toluene, isooctane (2,2,4-trimethyl-
pentane) (pesticide quality or equivalent).

5.2 Stock standard solutions:

5.2.1 Prepare stock standard solutions at a concentration of
1.00 ug/ul by dissolving 0.0100 g of assayed reference material in
isooctane and diluting to volume 1in a 10-mL volumetric flask. A small
volume of toluene may be necessary to put some pesticides in solution.
Larger volumes can be used at the convenience of the analyst. When
compound purity is assayed to be 96% or greater, the weight can be used
without correction to calculate the concentration of the stock standard.
Commercially prepared stock standards can be used at any concentration if
they are certified by the manufacturer or by an independent source.

5.2.2 Transfer the stock standard solutions 1into Teflon-sealed
screw-cap bottles. Store at 4°C and protect from light. Stock standards
should be checked frequently for signs of degradation or evaporation,
especially just prior to preparing calibration standards from them.

5.2.3 Stock standard solutions must be replaced after one year, or
sooner if comparison with check standards indicates a problem.

5.3 Calibration standards: Calibration standards at a minimum of five
concentration levels for each parameter of interest are prepared through
dilution of the stock standards with {isooctane. One of the concentration
levels should be at a concentration near, but above, the method detection
1imit. The remaining concentration 1levels should correspond to the expected
range of concentrations found in real samples or should define the working
range of the GC. Calibration solutions must be replaced after six months, or
sooner, if comparison with check standards indicates a problem.

5.4 Internal standards (if internal standard calibration is used): To
use this approach, the analyst must select one or more internal standards that
are similar in analytical behavior to the compounds of interest. The analyst
must further demonstrate that the measurement of the internal standard is not
affected by method or matrix interferences. Because of these limitations, no
internal standard can be suggested that is applicable to all samples.

5.4.1 Prepare calibration standards at a minimum of five

concentration levels for each analyte of interest as described in
Paragraph 5.3.

- 5.4.2 To each calibration standard, add a known constant amount of
one or more internal standards, and dilute to volume with isococtane.

5.4.3 Analyze each calibration standard according to Section 7.0.
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5.5 Surrogate standards: The analyst should monitor the performance of

.the extraction, cleanup (when used), and analytical system and the effec-
"~ tiveness of the method in dealing with each sample matrix by spiking each

sample, standard, and reagent water blank with pesticide surrogates. Because
GC/ECD data are much more subject to interference than GC/MS, a secondary
surrogate is to be used when sample interference is apparent. Dibutyl-
chlorendate (DBC) is also subject to acid and base degradation. Therefore,
two surrogate standards are added to each sample; however, only one need be
calculated for recovery. DBC 1is the primary surrogate and should be used
whenever possible. However, if DBC recovery 1is low or compounds interfere
with DBC, then the 2,4,5,6-tetrachloro-meta-xylene should be evaluated for
acceptance. Proceed with corrective action when both surrogates are out of
Timits for a sample (Section 8.3). Method 3500, Section 5.3.2, indicates the
proper procedure for preparing these surrogates.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the fntroductory materifal to this chapter, Organic Analytes,
Section 4.1, Extracts must be stored under refrigeration and analyzed within
40 days of extraction.

7.0 PROCEDURE
7.1 Extraction:

7.1.1 Refer to Chapter Two for guidance on choosing the appropriate
extraction procedure. In general, water samples are extracted at a
neutral, or as is, pH with methylene chloride, using either Method 3510
or 3520. Solid samples are extracted using either Method 3540 or 3550.

7.1.2 Prior to gas chromatographic analysis, the extraction solvent
must be exchanged to hexane. The exchange is performed during the K-D

procedures listed in all of the extraction methods. The exchange is
performed as follows.

7.1.2;1 Following K-D of the methylene chloride extract to

1 mL using the macro-Snyder column, allow the apparatus to cool and
drain for at least 10 min.

7.1.2.2 Increase the temperature of the hot water bath to
about 90°C. Momentarily remove the Snyder column, add 50 mL of
hexane, a new boiling chip, and reattach the macro-Snyder column.
Concentrate the extract using 1 mL of hexane to prewet the Snyder
column. Place the K-D apparatus on the water bath so that the
concentrator tube is partially immersed in the hot water. Adjust
the vertical position of the apparatus and the water temperature, as
required, to complete concentration in 5-10 min. At the proper rate
of distillation the balls of the column will actively chatter, but
the chambers will not flood. When the apparent volume of liquid
reaches 1 mL, remove the K-D apparatus and allow it to drain and
cool for at least 10 min.
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7.1.2.3 Remove the Snyder column and rinse the flask and its
lower joint into the concentrator tube with 1-2 mL of hexane. A
5-mL syringe is recommended for this operation. Adjust the extract
volume to 10.0 mlL. Stopper the concentrator tube and store
refrigerated at 4°C, if further processing will not be performed
immediately. If the extract will be stored longer than two days, it
should be transferred to a Teflon-sealed screw-cap vial. Proceed
with gas chromatographic analysis if further cleanup is not
required.

7.2 Gas chromatography conditions (Recommended):

7.2.1 Column 1: Set 5% methane/95% argon carrier gas flow at
60 mL/min flow rate. Column temperature 1is set at 200°C isothermal.

When analyzing for the low molecular weight PCBs (PCB 1221-PCB 1248), it -

is advisable to set the oven temperature to 160°C.

7.2.2 Column 2: Set 5% methane/95% argon carrier gas flow at
60 mL/min flow rate. Column temperature held isothermal at 200°C. When
analyzing for the low molecular weight PCBs (PCB 1221-PCB 1248), it is
advisable to set the oven temperature to 140°C.

7.2.3 When analyzing for most or all of the analytes in this
method, adjust the oven temperature and column gas flow so that 4,4'-DDT
has a retention time of approximately 12 min.

7.3 Calibration: Refer to Method 8000 for proper calibration
techniques. Use Table 1 and especially Table 2 for guidance on selecting the
lowest point on the calibration curve.

7.3.1 The procedure for internal or external calibration may be
used. Refer to Method 8000 for a description of each of these
procedures.

7.3.2 Because of the low concentration of pesticide standards
injected on a GC/ECD, column adsorption.may be a problem when the GC has
not been used for a day. Therefore, the GC column should be primed or
deactivated by injecting a PCB or pesticide standard mixture
approximately 20 times more concentrated than the mid-level standard.
Inject this prior to beginning initial or daily calibration.

7.4 Gas chromatographic analysis:

7.4.1 7Refer to Method 8000. If the internal standard calibration

technique is used, add 10 uL of internal standard to the sample prior to
injection. -

. 7.4.2 Follow Section 7.6 in Method 8000 for instructions on the
analysis sequence, appropriate dilutions, establishing daily retention
time windows, and identification criteria. Include a mid-level standard
after each group of 10 samples in the analysis sequence.
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7.4.3 Examples of GC/ECD chromatograms for various pesticides and
PCBs are shown in Figures 1 through 5.

7.4.4 Prime the column as per Paragraph 7.3.2.

7.4.5 DOT and endrin are easily degraded in the injection port if
the injection port or front of the column 1is dirty. This is the result
of buildup of high boiling residue from sample injection. Check for
degradation problems by injecting a mid-level standard containing only
4,4'-DDT and endrin. Look for the degradation products of 4,4'-DDT
(4,4'-DDE and 4,4'-DDD) and endrin (endrin ketone and endrin aldehyde).
If degradation of either DDT or endrin exceeds 20%, take corrective
action before proceeding with calibration, by following the GC system
maintenance outlined in Section 7.7 of Method 8000. Calculate percent
breakdown as follows:

% breakdown _ Total DDT degradation peak area (DDE + DDD) x 100
for 4,4'-DDT Total DDT peak area (DDT + DDE + DDD)

% breakdown _
for Endrin

Total endrin degradation peak area (endrin aldehyde + endrin ketone)

Total endrin peak area (endrin + endrin aldehyde + endrin ketone) X 100

7.4.6 Record the sample volume injected and the resulting peak
sizes (in area units or peak heights).

7.4.7 Using either the 1{internal or external calibration procedure
(Method 8000), determine the identity and quantity of each component peak

in the sample chromatogram which corresponds to the compounds used for
calibration purposes.

7.4.8 If peak detection and identification are prevented due to
interferences, the hexane extract may need to undergo cleanup using
Method 3620. The resultant extract(s) may be analyzed by GC directly or
may undergo further cleanup to remove Sulfur using Method 3660.

7.5 Cleanup:

7.5.1 Proceed with Method 3620, followed by, if necessary, Method
3660, using the 10-mL hexane extracts obtained from Paragraph 7.1.2.3.

7.5.2 Following c]eanuh, the extracts should be analyzed by GC, as
described in the previous paragraphs and in Method 8000.

7.6 Calculations (exerpted from U.S. FDA, PAM):

7.6.1 Calculation of Certain Residues: Residues which are mixtures
of two or more components present problems in measurement. When they are
found together, e.g., toxaphene and DDT, the problem of quantitation
becomes even more difficult. In the following sections suggestions are
offered for handling toxaphene, chlordane, PCB, O0OT, and BHC. A column
10% DC-200 stationary phase was used to obtain the chromatograms in
Figures 6-9. :
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Column: 1.8% SP.2250+

1.95% SP-2401 on Supelcoport

Temperature: 2000C
Detwecror: Electron Caprure
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Figure 1. Gas chromatogram of pesticides.
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Column: 1.5% SP-2250~
. 1.85% SP-2401 on Supeicopon

Temperature” 20¢°C
Detecior: Electron Capture

it
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0 4 8 12 16
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Figure 2. Gas chromatogram of chiordane.

' 8080 - 10

Revision 0
Date September 1986

300606



1§

'1

1.85% SP.2401 on Supeicopon
Toemperature. 200°C
Detector: Eiectron Capture

‘T ” Coilumn: 1.5% SP-2250~+
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Fig;:re 3. Gas chromatogram of toxaphene.
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Column: 1.5% SP-2250~

1.95%\ SP-2401 on Supeicoponrt
Temperature: 200°C
Detector: Elecron Caprure
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Figure 4. Gas chromatogram of PCB-1254,
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Column: 1.8%X SP-2250-

1.85% SP-2401 on Supeicovort
Temperature: 200°C
Detecior: Electron Capture

s

e [ L * A [ [ [l * .

g
| <

10 4 18 2 26
RETENTION TIME (MINUTES)

Figure 5. Gas chromatogram of PCB-1260.
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Flg, g--Baseline construction for some typical gas chromatographic peaks,
a, symmetrical separated flat baseline; b and c, overlapping flat baseline;
d, separated (pen does not return to baseline between peaks); e, separated
sloping baseline; {, separated (pen goes below baseline between peaks);
g &- andY -BHC sloping baseline; h, &=, -, and 7-BHC sloping haseline;
1, chlordane flat baseline; j, heptachlor and heptachlor epoxide super-
{mposed on chlordane; k, chair-shaped peaks, unsymmetrical peak; |,
p.p*~-DDT superimposed on toxaphene,
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Fig, 7a--Baseline construction for multiple residues with standard
toxaphene,

H:A

Pig, 7Tb——Baseline construction for muldple residues with toxa-
phene, DDE and o,p*-, and p,p*-DOT,
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Fig, 8a=wBaseline construction for multiple residues: standard toxaphene,

Lam.

Fig, 8b--Baseline construction {or multiple residues: rice bran with BHC,
taxaphene, DOT, and methoxychlor,
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Fig. 9a--Baseline construction for multiple residues: standard chlordane,

Fig., Sb—Baseline construction for multple residues: rice bran with chliordane, toxaphene, and DOT,

8080 - 17

Revision 0
Date September 1986

300613



7.6.2 Toxaphene: Quantitative calculation of toxaphene or Strobane
is difficult, but reasonable accuracy can be obtained. To calculate
toxaphene on GC/ECD: (a) adjust sample size so that toxaphene major
peaks are 10-30% full-scale deflection (FSD); (b) 1inject a toxaphene
standard that is estimated to be within +10 ng of the sample; (c)
construct the baseline of standard toxaphene between it extremities: and
(d) construct the baseline under the sample, using the distances of the
peak troughs to baseline on the standard as a guide (Figures 7, 8, and
9). This procedure is made difficult by the fact that the relative
heights and widths of the peaks 1in the sample will probably not be
identical to the standard. A toxaphene standard that has been passed

through a Florisil column will show a shorter retention time for peak X
and an enlargement of peak Y.

7.6.3 Toxaphene and DDT: If DDT 1is present, it will superimpose
itself on toxaphene peak V. To determine the approximate baseline of the
DDT, draw a line connecting the trough of peaks U and V with the trough
of peaks W and X and construct another line parallel to this line which
will just cut the top of peak W (Figure 61). This procedure was tested
with ratios of standard toxaphene-DDT mixtures from 1:10 to 2:1 and the
results of added and calculated DDT and toxaphene by the “"parallel lines®

method of baseline construction were within 10% of the actual values in
all cases.

7.6.3.1 A series of toxaphene residues have been calculated
using total peak area for comparison to the standard and also using
area of the last four peaks only 1n both sample and standard. The
agreement between the results obtained by the two methods justifies
the use of the latter method for calculating toxaphene in a sample

where the early eluting portion of the toxaphene chromatogram is
interfered with by other substances.

7.6.3.2 The Dbaseline for methoxychlor superimposed on
toxaphene (Figure 8b) was constructed by overlaying the samples on a
toxaphene standard of approximately the same concentration (Figure
8a) and viewing the charts against a lighted background.

7.6.4 Chlordane is a technical mixture of at least 11 major
components and 30 or more minor ones. Gas chromatography-mass
spectrometry and nuclear magnetic resonance analytical techniques have
been applied to the elucidation of the chemical structures of the many
chlordane constituents. Figure 9a is a chromatogram of standard chlor-
dane. Peaks E and F are responses to trans- and cis-chlordane, respec-
tively. These are the two major components of technical chlordane, but
the exact percentage of each in the technical material is not completely
defined and is not coensistent from batch to batch. Other labelled peaks
in Figure 9a are thought to represent: A, monochlorinated adduct of
pentachlorocyclopentadiene with cyclopentadiene; B, coelution of
heptachlor and a-chlordene; C, coelution of f-chlordene and g-chlordene;
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D, a chlordane analog; G, coelution of cis-nonachlor and “Compound K," a
chlordane isomer. The right "shoulder" of peak F is caused by trans-
nonachlor.

7.6.4.1 The GC pattern of a chlordane residue may differ
considerably from that of the technical standard. Depending on the
sample substrate and its history, residues of chlordane can consist
of almost any combination of: constituents from the technical
chlordane; plant and/or animal metabolities; and products of
degradation caused by exposure to environmental factors such as
water and sunlight. Only limited information is available on which
residue GC patterns are likely to occur in which samples types, and
even this information may not be applicable to a situation where the
route of exposure is unusual. For example, fish exposed to a recent
spill of technical chlordane will contain a residue drastically
different from a fish whose chlordane residue was accumulated by
ingestion of smaller fish or of vegetation, which 1in turn had
accumulated residues because chlordane was in the water from
agricultural runoff.

7.6.4.2 Because of this {pability to predict a chlordane
residue GC pattern, it is not possible to prescribe a single method
for the quantitation of chlordane residues. The analyst must judge
whether or not the residue's GC pattern is sufficiently similar to
that of a technical chlordane reference material to use the latter
as a reference standard for quantitation.

7.6.4.3 When the chlordane residue does not resemble technical
chlordane, but instead consists primarily of individual,
identifiable peaks, quantitate each peak separately against the
appropriate reference materials and report the individual residues.
(Reference materials are available for at Tleast 11 chlordane

constituents, metabolites or degradation products which may occur in
the residue.)

7.6.4.4 VWhen the GC pattern of  the residue resembles that of
technical chlordane, quantitate chlordane residues by comparing the
total area of the chlordane chromatogram from peaks A through F
(Figure 9a) in the sample versus the same part of the standard
chromatogram. Peak G may be obscured in a sample by the presence of
other pesticides. If G is not obscured, include it in the
measurement for both standard and sample. If the heptachlor epoxide
peak is relatively small, include it as part of the total chlordane
area for calculation of the residue. If heptachlor and/or
heptachlor epoxide are much out of proportion as in Figure 6],
calculate these separately and subtract their areas from total area
to give a corrected chlordane area. (Note that octachlor epoxide,
metabolite of chlordane, can easily be mistaken for heptachlor
epoxide on a nonpolar GC column.)
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7.6.4.5 To measure the total area of the chlordane
chromatogram, proceed as in Section 7.6.2 on toxaphene. Inject an

amount of technical chlordane standard which will produce a

chromatogram in which peaks E and F are approximately the same size

as those 1in the sample chromatograms. Construct the baseline
beneath the standard from the beginning of peak A to the end of peak

F as shown in Figure 9a. Use the distance from the trough between

peaks E and F to the baseline in the chromatogram of the standard to

construct the baseline in the chromatogram of the sample. Figure 9b
shows how the presence of toxaphene causes the baseline under

chlordane to take an upward angle. When the size of peaks E and F

in standard and sample chromatograms are the same, the distance from

the trough of the peaks to the baselines should be the same.
Measur$ment of chlordane area should be done by total peak area if
possible.

‘ NOTE: A comparison has been made of the total peak area
integration method and the additfion of peak heights method for
several samples containing chlordane. The peak heights A, B,
C, D, E, and F were measured in millimeters from peak maximum
of each to the baseline constructed under the total chlordane
area and were then added together. These results obtained by
the two techniques are too close to ignore this method of “peak
height addition* as a means of calculating chlordane. The
technique has inherent difficulties because not all the peaks
are symmetrical and not all are present 1in the same ratio in
standard and in sample. =~ This method does offer a means of

calculating results if no means of measuring total area is
practical.

7.6.5 Polychlorinated biphenyls (PCBs): Quantitation of residues
of PCB involves problems similar to those encountered in the quantitation
of toxaphene, Strobane, and chlordane: in each case, the chemical is
made up of numerous compounds and so the chromatograms are multi-peak;

also in each case the chromatogram of the residue may not match that of
the standard.

7.6.5.1 Mixtures of PCB of various chlorine contents were sold
for many years in the U.S. by the Monsanto Co. under the tradename
Aroclor (1200 series and 1016{. Though these Aroclors are no longer
marketed, the PCBs remain in the environment and are sometime found
as residues in foods, especially fish.

7.6.5.2 PCB residues are quantitated by comparison to one or
more of the Aroclor materials, depending on the chromatographic
pattern of the residue. A choice must be made as to which Aroclor
or mixture of Aroclors will produce a chromatogram most similar to
that of the residue. This may also involve a judgment about what
proportion of the different Aroclors to combine to produce the
appropriate reference material.
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7.6.5.3 Quantitate PCB residues by comparing total area or
height of residue peaks to total area of height of peaks from
appropriate Aroclor(s) reference materials. Measure total area or
height response from common baseline under all peaks. Use only
those peaks from sample that can be attributed to chlorobiphenyls.
These peaks must also be present in chromatogram of reference
materials. Mixture of Aroclors may be required to provide best
match of GC patterns of sample and reference.

7.6.6 DDT: ODT found in samples often consists of both o,p'- and
p,p'-DDT. Residues of DDE and TDE are also frequently present. Each
isomer of DOT and its metabolites should be quantitated using the pure
standard of that compound and reported as such.

7.6.7 Hexachlorocyclohexane (BHC, from the former name, benzene
hexachloride): Technical grade BHC is a cream-colored amorphous solid
with a very characteristic musty odor; it consists of a mixture of six

chemically distinct isomers and one or more heptachloro- cyc]ohexanes and
octachloro-cyclohexanes.

7.6.7.1 Commercial BHC preparations may show a wide variance
in the percentage of individual 1{somers present. The elimination
rate of the isomers fed to rats was 3 weeks for the a-, 7-, and §-
fsomers and 14 weeks for the p-isomer. Thus it may be possible to
have any combination of the various {somers in different food
commodities. BHC found 1in dairy products usually has a large
percentage of f-isomer.

7.6.7.2 Individual isomers (a, g, 7, and §) were injected into
gas chromatographs equipped with flame ionization, microcoulometric,
and electron capture detectors. Response for the four isomers is
very nearly the same whether flame jonization or microcoulometric
GLC is used. The a-, q-, and &-isomers show equal electron

affinity. p-BHC shows a much weaker electron affinity compared to
the others isomers.

7.6.7.3 Quantitate each isomer (a, g, 7, and 6) separately
against a standard of the respective pure isomer, using a GC column
which separates all the isomers from one another.

8.0 QUALITY CONTROL

8.1 Refer to Chapter One for specific quality control procedures.

Quality control to validate sample extraction is covered in Method 3500 and in
the extraction method utiliZed. If extract cleanup was performed, follow the
QC in Method 3600 and in the specific cleanup method.

8.2 Mandatory quality control to evaluate the GC system operation is

found in Method 8000, Section 8.6.
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8.2.1 The quality control check sample concentrate (Method 8000,
Section 8.6) should contain each single-component parameter of interest
at the following concentrations in acetone: 4,4'-DDD, 10 ug/mL; 4,4'-
. DOT, 10 ug/mL; endosulfan II, 10 wug/mL; endosulfan sulfate, 10 ug/mL:
endrin, 10ug/mL; and any other single-component pesticide, 2 ug/mL. If
this method is only to be used to analyze for PCBs, chlordane, or
toxaphene, the QC check sample concentrate should contain the most
representative multi-component parameter at a concentration of 50 ug/mL
in acetone.

- 8.2.2 Table 3 indicates the calibration and QC acceptance criteria
for this method. Table 4 gives method accuracy and precision as
functions of concentration for the analytes of interest. The contents of
both Tables should be used to evaluate a laboratory's ability to perform
and generate acceptable data by this method.

8.3 Calculate surrogate standard recovery on all samples, blanks, and
spikes. Determine if the recovery is within limits (limits established by
performing QC procedures outlined in Method 8000, Section 8.10).

8.3.1 If recovery is not within limits, the following is required.
 Check to be sure there are no errors in calculations,
~surrogate solutions and internal standards. Also, check
instrument performance.

+ Recalculate the data and/or reanalyze the extract if any of
_ : the above checks reveal a problen.

» Reextract and reanalyze the sample if none of the above are
a problem or flag the data as “estimated concentration.”

1}

8.4 GC/MS confirmation: Any éompounds confirmed by two columns may also
be confirmed by GC/MS 1if the concentration {s sufficient for detection by
GC/MS as determined by the laboratory generated detection limits.

8.4.1 The GC/MS would normally require a minimum concentration of
10 ng/uL in the final extract, for each single-component compound.

8.4.2 The pesticide extract and associated blank should be analyzed
by GC/MS as per Section 7.0 of Method 8270,

. 8.4.3 The confirmation may be from the GC/MS analysis of the
base/neutral-acid extractables extracts (sample and blank). However, if
the compounds are not detected in the base/neutral-acid extract even
though the concentration 1is high enough, a GC/MS analysis of the
pesticide extract should be performed.

8.4.4 A reference standard of the compound must also be analyzed by
GC/MS. The concentration of the reference standard must be at a level

that would demonstrate the ability to confirm the pesticides/PCBs
identified by GC/ECD.
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3.0 METHOD PERFORMANCE

9.1 The method was tested by 20 laboratories using reagent water,
drinking water, surface water, and three industrial wastewaters spiked at six
concentrations. Concentrations used in the study ranged from 0.5 to 30 ug/L
for single-component pesticides and from 8.5 to 400 ug/L for multi-component
parameters. Single operator precision, overall precision, and method accuracy
were found to be directly related to the concentration of the parameter and
essentially independent of the sample matrix. Linear equations to describe
these relationships for a flame jonization detector are presented in Table 4.

9.2 The accuracy and precision obtained will be determined by the sample
matrix, sample-preparation technique, optional cleanup techniques, and
calibration procedures used.
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TABLE 3. QC ACCEPTANCE CRITERIAQ

Test Limit Range Range
conc. for s for X P, Ps
Parameter (ug/L) (ug/L) (ug/L) (%)
Aldrin 2.0 0.42 1.08-2.24 42-122
a-BHC 2.0 0.48 .98-2.44 37-134
p-BHC 2.0 0.64 0.78-2.60 17-147
&-BHC 2.0 0.72 1.01-2.37 19-140
7-BHC 2.0 0.46 0.86-2.32 32-127
Chlordane 50 10.0 27.6-54.3 45-119
4,4'-DDD 10 2.8 4.8-12.6 31-141
4,4'-DDE 2.0 0.55 1.08-2.60 30-145
4,4'-DDT 10 3.6 4.6-13.7 25-160
Dieldrin 2.0 0.76 1.15-2.49 36-146
Endosulfan I 2.0 0.49 1.14-2.82 45-153
Endosulfan II 10 6.1 2.2-17.1 D-202
Endosulfan Sulfate 10 2.7 3.8-13.2 26-144
Endrin 10 3.7 5.1-12.6 30-147
Heptachlor 2.0 0.40 0.86-2.00 34-111
Heptachlor epoxide 2.0 0.41 1.13-2.63 37-142
Toxaphene 50 12.7 27.8-55.6 41-126
PCB-1016 50 10.0 30.5-51.5 50-114
PCB-1221 50 24.4 22.1-75.2 15-178
PCB-1232 50 17.9 14.0-98.5 10-215
PCB~1242 50 12.2 24.8-69.6 39-150
PCB-1248 50 15.9 . 29.0-70.2 38-158
PCB-1254 50 13.8 22.2-57.9 29-131
PCB-1260 50 10.4 18.7-54.9 8-127

s = Standard deviation of four recovery measurements, in ug/L.
X = Average recovery for four recovery measurements, in ug/L.
P, Ps = Percent recovery measured.

D = Detected;.result must be greater than zero.

dCriteria from 40 CFR Part 136 for Method 608. These criteria are based
directly upon the method performance data in Table 4. Where necessary, the
limits for recovery have been broadened - to assure applicability of the limits

to concentrations below those used to develop Table 4.
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TABLE 4.

METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONZ

Accuracy, as Single analyst Overall
recovery, X' precision, sy’ precision,
Parameter (ug/L) (ug/L) S (ug/L)
Aldrin 0.81C+0.04 0.16%X-0.04 0.20%-0.01
a-BHC 0.84C+0.03 0.13X+0.04 0.23%X-0.00
f-BHC 0.81C+0.07 0.22%+0.02 0.33X-0.95
§-BHC 0.81C+0.07 0.18%+0.09 0.25%X+0.03
7-8HC 0.82C-0.05 0.12%X+0.06 0.22X+0.04
Chlordane 0.82C-0.04 0.13%+0.13 0.18%+0.18
4,4'-DDD 0.84C+0.30 0.20%-0.18 0.27X-0.14
4,4'-DDE 0.85C+0.14 0.13%X+0.06 0.28%-0.09
4,4'-DDT 0.93C-0.13 0.17%+0.39 0.31%X-0.21
Dieldrin 0.90C+0.02 0.12%X+0.19 0.16X+0.16
Endosulfan I 0.97C+0.04 0.10%X+0.07 0.18X+0.08
Endosulfan II 0.93C+0.34 0.41X-0.65 0.47%X-0.20
Endosulfan Sulfate 0.89C-0.37 0.13%+0.33 0.24%X+0.35
Endrin 0.89C-0.04 - 0.20%+0.25 0.24%X+0.25
Heptachlor 0.69C+0.04 0.06X+0.13 0.16%X+0.08
Heptachlor epoxide 0.89C+0.10 0.18%X-0.11 0.25%X-0.08
Toxaphene 0.80C+1.74 0.09%+3.20 0.20%+0.22
PCB-1016 0.81C+0,50 0.13%X+0.15 0.15%X+0.45
pCB-1221 0.96C+0,.65 0.29%-0.76 0.35X-0.62
PCB-1232 0.91C+10.79 0.21%X-1.93 0.31%X+3.50
PCB-1242 0.93C+0.70 0.11%X+1.40 0.21%+1.52
PCB-1248 0.97C+1.06 0.17%+0.41 0.25%-0.37
PCB-1254 0.76C+2.07 0.15%+1.66 0.17%+3.62
PCB-1260 0.66C+3.76 0.22X-2.37 0.39%-4.86
x' = Expected recovery for one or more measurements of a sample

Sp =

st =

containing a concentration of C, in ug/L.

Expected single analyst 'standard deviation of measurements at an
average concentration of X, in ug/L.

Expected interlaboratory standard deviation of measurements at an

average concentration found of X, in ug/L.

True value for the concentration, in ug/L.

Average recovery found for measurements of samples containing a
concentration of C, in ug/L.
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METHOD 8240

GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR VOLATILE ORGANICS

1.0 SCOPE AND APPLICATION

1.1 Method 8240 is used to determine volatile organic compounds in a
variety of solid waste matrices. This method 1is applicable to nearly all
types of samples, regardless of water content, including ground water, aqueous
sludges, caustic liquors, acid liquors, waste solvents, oily wastes, mousses,
tars, fibrous wastes, polymeric emulsions, filter cakes, spent carbons, spent
catalysts, soils, and sediments.

. 1.2 Method 8240 can be used to quantify most volatile organic compounds
that have boiling points below 200°C [vapor pressure is approximately equal to
mm Hg @ 25°C] and that are insoluble or slightly soluble in water. Volatile
water-soluble compounds can be included in this analytical technique, however,
for the more soluble compounds, quantitation 1limits are approximately ten
times higher because of poor purging efficiency. The method is also limited
to compounds that elute as sharp peaks from a GC column packed with
graphitized carbon lightly coated with a carbowax. Such compounds include
low-molecular-weight halogenated hydrocarbons, aromatics, ketones, nitriles,
acetates, acrylates, ethers, and sulfides. See Table 1 for a list of
compounds, retention times, and their characteristic ions that have been
evaluated on a purge-and-trap GC/MS system.

1.3 The practical quantitation 1imit (PQL) of Method 8240 for an
individual compound is approximately 5 ug/kg (wet weight) for soil/sediment
samples, 0.5 mg/kg (wet weight) for wastes, and 5 ug/L for ground water (see
Table 2). PQLs will be proportionately higher for sample extracts and samples
shat require dilution or reduced sample size to avoid saturation of the

etector.

1.4 Method 8240 is based upon a purge-and-trap, gas chromatographic/mass
spectrometric (GC/MS) procedure. This method is restricted to use by, or
under the supervision of, analysts experienced in the use of purge-and-trap
systems and gas chromatograph/mass spectrometers, and skilled in the inter-
pretation of mass spectra and their use as a quantitative tool.

1.5 To increase purging efficiencies of acrylonitrile and acrolein,
refer to Methods 5030 and 8030 for proper purge-and-trap conditions.

2.0 SUMMARY OF METHOD

2.1 The volatile compounds are introduced into the gas chromatograph by
the purge-and-trap method or by direct injection (in limited applications).
The components are separated via the gas chromatograph and detected using a
mass spectrometer, which is used to provide both qualitative and quantitative
information. The chromatographic conditions, as well as typical mass
spectrometer operating parameters, are given.
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TABLE 1. RETENTION TIMES AND CHARACTERISTIC IONS FOR VOLATILE COMPOUNDS

Retention
Compound Time (min) Primary Ion Secondary Jon(s) (
Acetone - 43 58 .
_Acrolein -- 56 55, 58 L
Acrylonitrile -- 53 52, 51 )
Benzene 17.0 78 52, 717 o
Bromochloromethane (I.S.) 9.3 128 49, 130, 51 .
Bromodichloromethane 14.3 83 85, 129
4-Bromofluorobenzene (surr.) 28.3 95 174, 176 ‘
Bromoform 19.8 173 171, 175, 252 = - ——
Bromomethane 3.1 94 96, 79
2-Butanone - 72 57, 43
Carbon disulfide - 76 78
Carbon tetrachloride 13.7 117 119, 121
Chlorobenzene 24.6 112 114, 77 T
Chlorobenzene-dg (I.S.) -- 117 82, 119 T
Chlorodibromomethane - 129 208, 206 .
Chloroethane 4.6 64 66, 49 -
2-Chloroethyl vinyl ether 18.6 63 65, 106
Chloroform 11.4 83 85, 47
Chloromethane 2.3 50 52, 49
Dibromomethane - 93 174, 95
1,4-Dichloro-2-butane ° - 75 53, 89
Dichlorodifluoromethane - 85 87, 50, 101
.1,1-Dichloroethane - 63 65, 83
1,2-Dichloroethane 10.1 62 64, 98
1,2-Dichloroethane-dgq (surr.) 12.1 65 102 (
1,1-Dichloroethene 9.0 96 61, 98
trans-1,2-Dichloroethene 10.0 96 61, 98
1,2-Dichloropropane 15.7 63 62, 41
cis-1,3-Dichloropropene 15.9 75 77, 39
trans-1,3-Dichloropropene 17.2 75 77, 39
1,4-Difluorobenzene (I.S.) 19.6 114 63, 88
Ethanol - 31 45, 27, 46
Ethylbenzene 26.4 106 91
Ethyl methacrylate - 69 41, 39, 99
2-Hexanone ' -- 43 58, 57, 100
Iodomethane - 142 127, 141
Methylene chloride 6.4 84 49, 51, 86
4-Methyl-2-pentanone - 43 58, 100
Styrene -- 104 78, 103
1,1,2,2-Tetrachloroethane 22.1 83 85, 131, 133
Tetrachloroethene 22.2 164 126, 131, 166
Toluene 23.5 92 91, 65
Toluene-dg (surr.) - 98 70, 100
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TABLE 1. - Continued
Retention
Compound Time (min) Primary Ion Secondary Ion(s)
1,1,1-Trichloroethane 13.4 97 99, 117
1,1,2-Trichloroethane 17.2 97 83, 85, 99
Trichloroethene 16.5 130 95, 97, 132
Trichlorofluoromethane 8.3 101 103, 66
1,2,3-Trichloropropane - 75 110, 77, 61
Vinyl acetate - 43 86
Vinyl chloride 3.8 62 64, 61
Xylene - 106 91
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TABLE 2. PRACTICAL QUANTITATION LIMITS (PQL) FOR VOLATILE ORGANICS?

Practical
Quantitation
Limitsh

Ground water Low Soil/Sediment

Volatiles CAS Number ug/L ug/Kg
1. Chloromethane 74-87-3 10 10
2. Bromomethane 74-83-9 10 10 i
3. Vinyl Chloride 75-01-4 10 10
4. Chloroethane 75-00-3 10 10
5. Methylene Chloride 75-09-2 5 5
6. Acetone 67-64-1 100 100
7. Carbon Disulfide 75-15-0 5 5
8. 1,1-Dichloroethene 75-35-4 5 5
9. 1,1-Dichloroethane ' 75-35-3 5 5
10. trans-1,2-Dichloroethene 156-60-5 5 5
11. Chloroform 67-66-3 5 5
12. 1,2-Dichloroethane 107-06-2 5 5
13. 2-Butanone 78-93-3 100 100
14. 1,1,1-Trichloroethane 71-55-6 5 5
15. Carbon Tetrachloride : 56-23-5 5 5
-16. Vinyl Acetate 108-05-4 50 50
17. Bromodichloromethane 75-27-4 5 5
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5
19. 1,2-Dichloropropane 78-87-5 5 5
20. trans-1,3-Dichloropropene 10061-02-6 5 5
21. Trichloroethene 79-01-6 5 5
22. Dibromochloromethane 124-48-1 5 5
23. 1,1,2-Trichloroethane 79-00-5 5 5
24. Benzene . 71-43-2 5 5
25. cis-1,3-Dichloropropene 10061-01-5 5 5
26. 2-Chloroethyl Vinyl Ether 110-75-8 10 10
27. Bromoform 75-25-2 5 5
28. 2-Hexanone 591-78-6 50 50
29. 4-Methyl-2-pentanone 108-10-1 50 50
30. Tetrachloroethene 127-18-4 5 5
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TABLE 2. -~ Continued

Practical
Quantitation
Limits

Ground water Low Soil/Sediment

Volatiles CAS Number ug/L ug/Kg
31. Toluene 108-88-3 5 5
32. Chlorobenzene 108-90-7 5 5
33. Ethyl Benzene 100-41-4 5 5
34, Styrene 100-42-5 5 5
35. Total Xylenes 5 5

dasample PQLs are highly matrix-dependent.

for guidance and may not always be achieveable. See the following information
for further guidance on matrix-dependent PQLs.

The PQLs listed herein are provided

bpqLs 1isted for soil/sediment are based on wet weight. Normally data is
reported on a dry weight basis; therefore, PQLs will be higher, based on the

% moisture in each sample.

Other Matrices:

Water miscible liquid waste
High-level soil & sludges
Non-water miscible waste

IpqL = [PQL for ground water (Table
samples, the factor is on a wet-weight basis.

8240 - 5
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2.2 If the above sample introduction techniques arec not applicable, a
portion of the sample is dispersed in methanol to dissolve the volatile
organic constituents. A portion of the methanolic solution is combined with
water in a specially designed purging chamber. [t is then analyzed by purge-
and-trap GC/MS following the normal water method.

2.3 The purge-and-trap process: An inert gas is bubbled _through the
“solution at ambient temperature, and the volatile components are efficiently
transferred from the aqucous phase to the vapor phase. The vapor is swept
through a sorbent coiumn where the volatile components are trapped. After
purging is completed, the sorbent column is heated and backflushed with inert
gas to desorb the components onto a gas chromatographic column. The gas
chromatographic column is heated to elute the components, which are detected”™ _
with a mass spectrometer. '

3.0 INTERFERENCES i

3.1 Interferences purged or coextracted from the samples will vary
considerably from source to source, depending upon the particular sample or
extract being tested. The analytical system, however, should be checked to
ensure freedom from interferences, under the analysis conditions, by analyzing
method blanks.

3.2 Samples can be contaminated by diffusion of volatile organics
(particularly methylene chloride and fluorocarbons) through the septum seal
into the sample during shipment and storage. A field blank prepared from
reagent water and carried through the sampling and handling protocol can serve
"as a check on such contamination.

3.3 Cross-contamination can occur whenever high-level and low-level
samples are analyzed sequentially. Whenever an unusually concentrated sample
is analyzed, it should be followed by the analysis of reagent water to check
for cross-contamination. The purge-and-trap system may require extensive
bake-out and cleaning after a high-level sample.

3.4 The 1laboratory where volatile analysis 1is performed should be
completely free of solvents.

3.5 Impurities in the purge gas and from organic compounds out-gasing
from the plumbing ahead of the trap account for the majority of contamination
problems. The analytical system must be demonstrated to be free from contam-
ination under the conditions of the analysis by running laboratory reagent
blanks. The use of non-TFE plastic coating, non-TFE thread sealants, or flow
controllers with rubber components in the purging device should be avoided.

4.0 APPARATUS AND MATERIALS

4.1 Microsyringes: 10-ul, 25-ul, 100-ul, 250-ul, 500-ul, and 1,000 ulL.
These syringes should be equipped with a 20-gauge (0.006-in I.D.) needle
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having a length sufficient to extend from the sample inlet to within I cm of

the glass frit in the purging device. The needle length will depend upon the
dimensions of the purging device employed. '

4.2 Syringe valve: Two-way, with Luer ends (three each), if applicable
to the purging device. -

4.3 Syringe: 5-mbL, gas-tight with shutoff valve.

4.4 Balance: Analytical, capable of accurately weighing 0.0001 g, and a
top-loading balance capable of weighing 0.1 g.

4.5 Glass scintillation vials: 20-mL, with screw caps and Teflon liners -
or glass culture tubes with a screw cap and Teflon liner.

4.6 Volumetric flasks: 10-mL and 100-mL, class A with ground-glass
stoppers.

4.7 Vials: 2-mL, for GC autosampler.
4.8 Spatula: Stainless steel.
4.9 Disposable pipets: Pasteur.

4.10 Heater or heated oil bath: Should be capable of maintaining the
purging chamber to within 1°C over the temperature range of ambient to 100°C.

4.11 Purge-and-trap device: The purge-and-trap device consists of three

separate pieces of equipment: the sample purger, the trap, and the desorber.
Several comple@e devices are commercially available. )

4.11.1 The recommended purging chamber 1is designed to accept 5-mL
samples with a water column at least 3 cm deep. The gaseous headspace
between the water column and the trap must have a total volume of less
than 15 mL. The purge gas must pass through the water column as finely
divided bubbles with a diameter of 1less than 3-mm at the origin. The
purge gas must be introduced no more than 5 mm from the base of the water
column. The sample purger, illustrated in Figure 1, meets these design

criterfa. Alternate sample purge devices may be utilized, provided
_equivalent performance is demonstrated.

4.11.2 The trap must be at least 25 cm 1long and have an inside
diameter of at least 0.105 in. Starting from the inlet, the trap must
contain the following amounts of adsorbents: 1/3 of 2,6-diphenylene
oxide polymer, 1/3 of silica gel, and 1/3 of coconut charcoal. It is
recommended that 1.0 ¢m of methyl silicone-coated packing be inserted at
the inlet to extend the life of the trap (see Figure 2). If it is not
necessary to analyze for dichlorodifluoromethane or other fluorocarbons
of similar volatility, the charcoal can be eliminated and the polymer
increased to fill 2/3 of the trap. If only compounds boiling above 35°C
are to be analyzed, both the silica gel and charcoal can be eliminated
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- OPTIONAL
FOAM TRAP

Exit % inch 0. D

14 mm Q. D.

Intet % tnch O. D.

% Inch O. D. Exit

10cm 14 mm O, D,

10 mm Glass Frit
Medium Porosity

‘e
[
[
[N}
[ X3
[N
e

Sample Inlet

2-Way Syringe Valve

17 e¢m, 20 Gauge Syringe Needle
6 mm O. D. Rubber Septum

~10mmO.D.

~
e Inlet
% Inch O, D.

Stainless Stee!

13x Molecular
Sieve Purge
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. Figure 1. Purging chamber.
8240 - 8
Revision

1/16 inch Q. D.

0

Bate September 1986

300631



Packing Procedure

Construction

Compression

Fitting Nut

Glass Wool S5 mm L,,.J/ and Ferrules
Grade 15 1 g 14 F1. 7Q2/Foot
Silica Get 8c¢m - Resistance Wire

l C 5 Wrapped Sotid
'y C'— Thermocouple/
- Controlter
C Sensor

Electronic
Tenax 15¢cm _..b Temperature
b Control and

Pyrometer
D

q
q
é ») Tubing 25 cm
q

= 0.105 In. I.D.

__Ey 0.125 tn. 0.D.
Stainless Steel

3%0v-1  tem} | ]

Glass Wool Smm &
Trap Inlet

Figure 2. Trap packings and construction to include desorb capability for Method 8240.
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and the polymer increased to fill the entire trap. Before initial use,
the trap should be conditioned overnight at 180°C by backflushing with an
inert gas flow of at least 20 mi/min. Vent the trap effluent to the
room, not to the analytical column. Prior to daily use, the trap should
be conditioned for 10 min at 180°C with backflushing. The trap may be
vented to the analytical column during daily conditioning; however, the
column must be run through the temperature program prior to analysis of
samples.

4.11.3 The desorber should be capable of rapidly heating the trap
to 180°C for desorption. The polymer section of the trap should not be

heated higher than 180°C, and the remaining sections should not exceed

220°C during bake-out mode. The desorber design illustrated in Figure 2
meets these criteria.

4,11.4 The purge-and-trap device may be assembled as a separate
unit or may be coupled to a gas chromatograph, as shown in Figures 3 and-
4.

4.11.5 Trap Packing Materials:

4.11.5.1 2,6-Diphenylene oxide polymer: 60/80 mesh,
chromatographic grade (Tenax GC or equivaient).

4,11.5.2 Methyl silicone packing: 0OV-1 (3%) on Chromosorb-W,
60/80 mesh or equivalent.

4.11.5.3 Silica gel: 35/60 mesh, Davison, grade 15 or
equivalent. .

4.11.5.4 Coconut charcoal: Prepare from Barnébey Cheney,
CA-580-26 lot #M-2649 by crushing through 26 mesh screen.

4.12 Gas chromatograph/mass spectrometer system:

4.12.1 Gas chromatograph: An - analytical system complete with a
temperature-programmable gas chromatograph and all required accessories
including syringes, analytical columns, and gases.

4.12.2 Column: 6-ft x 0.1-in. I.D. glass, packed with 1% SP-1000
on Carbopack-B (60/80 mesh) or equivalent.

4.12.3 Mass spectrometer: Capable of scanning from 35-260 amu
every 3 sec or less, using 70 volts (nominal) electron energy in the
electron impact mode and producing a mass spectrum that meets all the
criteria in Table 3 when 50 ng of 4-bromofluorobenzene (BFB) are injected
through the gas chromatograph inlet.

4.12.4 GC/MS interface: Any GC-to-MS interface that gives accep-
table calibration points at 50 ng or less per injection for each of the
analytes and achieves all acceptable performance criteria (see Table 3)
may be used. GC-to-MS interfaces constructed entirely of glass or of
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CARRIER GAS FLOW CONTROL  LIQUID INJECTION PORTS
PRESSURE REGULATOR /f__—_—l/ COLUMN OVEN
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SELECTION VALVE
TRAP INLET

RESISTANCE WIRE

/ . ~~~ HEATER CONTROL
TRAP! ~—— TRAP @
FLOWY 22°C

PURGE GAS

6-PORT
FLOW CONTROL

VALVE

13X MOLECULAR ___!
SIEVE FILTER

Note:ALL LINES BETWEEN
PURGING TRAP AND GC

DEVICE ::;Og‘;&g BE HEATED

Figure 3. Schematic of purge-and-trap device — purge mode for Method 8240.
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Figure 4. Schematic of purge-and-trap device — desorb mode for Method 8240.
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TABLE 3. BFB KEY ION ABUNDANCE CRITERIA

. Mass Ion Abundance Criteria

50 15 to 40% of mass 95

- 75 30 to 60% of mass 95
95 , base peak, 100% relative abundance
96 : 5 to 9% of mass 95
173 less than 2% of mass 174
174 greater than 50% of mass 95
175 5 to 9% of mass 174 )
176 greater than 95% but less than 101% of mass 174 -
177 5 to 9% of mass 176
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glass-lined materials are recommended. Glass can be deactivated by
silanizing with dichlorodimethylsilane. )

4.12.5 Data system: A computer system that allows the continuous
acquisition and storage on machine-readable media of all mass spectra

-~ obtained throughout the duration of the chromatographic program must be
interfaced to the mass spectrometer. The computer must have software
that allows searching any GC/MS data file for ions of a specified mass

and plotting such ion abundances versus time or scan number. This type

of plot is defined as an Extracted Ion Current Profile (EICP). Software
must also be available that allows integrating the abundances in any EICP

between specified time or scan-number limits. The most recent version of .

the EPA/NIH Mass Spectral Library should also be available.

5.0 REAGENTS

5.1 Stock solutions: Stock solutions may be prepared from pure standard
materials or purchased as certified solutions. ' Prepare stock standard solu-
tions in methanol, using assayed liquids or gases, as appropriate.

5.1.1' Place about 9.8 mL of methanol in a 10-mlL tared ground-
glass-stoppered volumetric flask. Allow the flask to stand, unstoppered,
for about 10 min or until all alcohol-wetted surfaces have dried. Weigh
the flask to the nearest 0.1 mg.

5.1.2 Add the assayed reference material, as described below.

5.1.2.1 Liquids: Using a 100-uL syringe, immediately add two
or more drops of assayed reference material to the flask; then
reweigh. The liquid must fall directly into the alcohol without
contacting the neck of the flask.

5.1.2.2 Gases: To prepare standards for any compounds that
boil below 30°C (e.g., bromomethane, chloroethane, chloromethane, or
vinyl chloride), fill a 5-mL valved gas-tight syringe with the
reference standard to the 5.0-mL mark. Lower the needle to 5 mm
above the methanol meniscus. Slowly introduce the reference stan-
dard above the surface of the 1liquid. The heavy gas will rapidly
dissolve in the methanol. Standards may also be prepared by using a
lecture bottle equipped with a Hamilton GLecture Bottle Septum
(#86600). Attach Teflon tubing to the side-arm relief valve and
direct a gentle stream of gas into the methanol meniscus.

5.1.3 Reweigh, dilute to volume, stopper, and then mix by inverting
the flask several times. Calculate the concentration in micrograms per
microliter {ug/ul) from the net gain 1in weight. When compound purity is
assayed to be 96% or greater, the weight may be used without correction
to calculate the concentration of the stock standard. Commercially
prepared stock standards may be used at any concentration if they are
certified by the manufacturer or by an independent source.
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5.1.4 Transfer the stock standard solution into a Teflon-sealed
screw cap bottle. Store, with minimal headspace, at -10°C to -20°C.and
protect from light.

5.1.5 Prepare fresh standards every two months for gases. Reactive

compounds such as 2-chloroethylvinyl ether and styrene may need to be

- prepared more frequently. All other standards must be replaced after six
months, or sooner if comparison with check standards indicates a problem.

5.2 Secondary dilution standards: Using stock standard solutions,

prepare in methano! secondary dilution standards containing the compounds of .

interest, either singly or mixed together. Secondary dilution standards must

be stored with minimal headspace and should be checked frequently for signs of

degradation or evaporation, especially just prior to preparing calibration
standards from them.

5.3 Surrogate standards: The surrogates recommended are toluene-dg,
4-bromofluorobenzene, and 1,2-dichloroethane-dq. Other compounds may be used

as surrogates, depending upon the analysis requirements. A stock surrogate.

solution in methanol should be prepared as described 1in Section 5.1, and a
surrogate standard spiking solution should be prepared from the stock at a
concentration of 250 ug/10 mL 1in methanol. Each sample undergoing GC/MS

analysis must be spiked with 10 ulL of the surrogate spiking solution prior to
analysis.

5.4 Internal standards: The recommended internal standards are bromo-
chloromethane, .1,4-difluorobenzene, and chlorobenzene-ds. Other compounds may
be used as internal standards as long as they have retention times similar to
the compounds being detected by GC/MS. Prepare internal standard stock and
secondary dilution standards {in methanol using the procedures described in
Sections 5.1 and 5.2. It 1is recommended that the secondary dilution standard
should be prepared at a concentration of 25 ug/mL of each internal standard
compound. Addition of 10 uL of this standard to 5.0 mL of sample or cali-
bration standard would be the equivalent of 50 ug/L.

5.5 4-Bromofluorobenzene (BFB) standard: A standard solution containing
25 ng/uL of BFB in methanol should be prepared.

5.6 Calibration standards: Calibration standards at a minimum of five
concentration levels should be prepared from the secondary dilution of stock
standards (see Sections 5.1 and 5.2). Prepare these solutions in reagent
water. One of the concentration levels should be at a concentration near, but
above, the method detection limit. The remaining concentration levels should
correspond to the expected range of concentrations found in real samples or
‘'should not exceed the working range of the GC/MS system. Each standard should
contain each analyte for detection by this method (e.g., some or all of the
compounds listed in Table 1 may be included). Store for one week only in a
vial with no headspace.

5.7 Matrix spiking standards: Matrix spiking standards should be
prepared from volatile organic compounds which will be representative of the
compounds being investigated. The suggested compounds are 1,1-dichloroethene,

8240 - 14
Revision 0

Date September 1980

300637



trichloroethene, chlorobenzene, toluene, and benzene. The standard should be

prepared in methanol, with each compound present at a concentration of 250
ug/10.0 mlL.

5.8 Great care must be taken to maintain the integrity of all standard
salutions. It is recommended that all standards be stored at -10°C to -20°C
in screw-cap amber bottles with Teflon liners.

5.9 Reagent water: Reagent water is defined as water in which an inter-
ferent is not observed at the method detection limit (MDL) of the parameters
of interest.

5.9.1 Reagent water may be generated by passing tap water through a
carbon filter bed containing about 453 g of activated carbon (Calgon
Corp., Filtrasorb-300 or equivalent).

5.9.2 A water purification system (Millipore Super-Q or equivalent)
may be used to generate reagent water.

5.9.3 Reagent water may also be prepared by boiling water for 15
min. Subsequently, while maintaining the temperature at 90°C, bubble a
contaminant-free inert gas through the water for 1 hr. While it is still
hot, transfer the water to a narrow-mouth screw-cap bottle and seal with
a Teflon-lined septum and cap.

5.10 Methanol: Pesticide quality or equivalent. Store apart from other
solvents.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1.

7.0 PROCEDURE

7.1 Direct injection: In very 1limited applications (e.g., aqueous
process wastes), direct injection of the sample 1into the GC/MS system with a
10 uL syringe may be appropriate. One such application is for verification of
the alcohol content of an aqueous sample prior to determining {f the sample is
ignitable (Methods 1010 or 1020). In this case, it is suggested that direct
injection be used. The detection 1limit 1is very high (approximately 10,000
ug/L); therefore, it is only permitted when concentrations in excess of 10,000
ug/L are expected or for Wwater-soluble compounds that do not purge. The

system)must be calibrated by direct injection (bypassing the purge-and-trap
device). :
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7.2 Initial calibration for purge-and-trap procedure:

7.2.1 Recommended GC/MS operating conditions:

Electron energy: 70 volts (nominal).

Mass range: 35-260 amu.

Scan time: To give 5 scans/peak but not to exceed
7 sec/scan.

Initial column temperature:  45°C.

Initial column holding time: 3 min.
Column temperature program: 8°C/min.

Final column temperature: 220°C.
Final column holding time: 15 min.
Injector temperature: 200-225°C. .
Source temperature: According to manufacturer's specifications.
Transfer line temperature: 250-300°C.
Carrier gas: Hydrogen at 50 cm/sec or helium at
30 cm/sec. T

[

7.2.2 Each GC/MS system must be hardware-tuned to meet the criteria
in Table 3 for a 50-ng injection or purging of 4-bromofiuorobenzene (2-uL

injection of the BFB standard). Analyses must not begin until these
criteria are met.

7.2.3 Assemble a purge-and-trap device that meets the specification
in Section 4.11. Condition the trap overnight at 180°C in the purge mode
with an inert gas flow of at least 20 mL/min. Prior to use, condition

the trap daily for 10 min while backflushing at 180°C with the column at
220°C.

7.2.4 Connect the purge-and-trap device to a gas chromatograph.

7.2.5 Prepare the final solutions containing the required
concentrations of calibration standards, including surrogate standards,
directly in the purging device. Add 5.0 mL of reagent water to the.
purging device. The reagent water is added to the purging device using a
5-mL glass syringe fitted with a 15-cm 20-gauge needle. The needle is
inserted through the sample inlet shown in Figure 1. The internal
diameter of the 14-gauge needle that forms the sample inlet will permit
insertion of the 20-gauge needle. Next, using a 10-ul or 25-ulL micro-
syringe equipped with a long needle (Paragraph 4.1), take a volume of the
secondary dilution solution containing appropriate concentrations of the
calibration standards (Paragraph 5.6). Add the aliquot of calibration
"~ solution directly to the reagent water in the purging device by inserting
the needle through the sample inlet. When discharging the contents of
the micro-syringe, be sure that the end of the syringe needle is well
beneath the surface of the reagent water. Similarly, add 10 ul of the
internal standard solution (Paragraph 5.4). Close the 2-way syringe
valve at the sample inlet.

7.2.6 Carry out the purge-and-trap analysis procedure as described
in Section 7.4.1.
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7.2.7 Tabulate the area response of the characteristic ions (see
Table 1) against concentration for each compound and each internal
standard. Calculate response factors (RF) for each compound relative to
one of the internal standards. The internal standard selected for the
calculation of the RF for a compound should be the internal standard that
has a retention time closest to the compound being measured (Section
775.2). The RF is calculated as follows:

RF = (AxCis)/(Ai5Cx)

where: .
Ay = Area of the characteristic ion for the compound being
measured.
Ajs = Area of the characteristic jon for the specific internal
standard.
Cis = Concentration of the specific internal standard.
Cx = Concentration of the compound being measured.

7.2.8 The average RF must be calculated for each compound. A
system performance check should be made before this calibration curve is
used. Five compounds (the System Performance Check Compounds, or SPCCs)
are checked for a minimum average response factor. These compounds are
chloromethane, 1,1-dichloroethane, bromoform, 1,1,2,2-tetrachloroethane,
and chlorobenzene. The minimum acceptable average RF for these compounds
should be 0.300 (0.250 for bromoform). These compounds typically have
RFs of 0.4-0.6 and are used to check compound instability and check for
degradation caused by contaminated lines or active sites in the system.
Examples of these occurrences are: .

7.2.8.1 Chloromethane: This compodnd is the most likely
compound to‘be lost if the purge flow is too fast.

7.2.8.2 Bromoform: This compound is one of the compounds most
likely to be purged very poorly if the purge flow is too slow. Cold
spots and/or active sites in the transfer lines may adversely affect
response. Response of the quantitation ion (m/z 173) is directly
affected by the tuning of BFB at ions m/z 174/176. Increasing the
m/z 174/176 ratio may improve bromoform response.

7.2.8.3 Tetrachloroethane and 1,1-dichloroethane: These
compounds are degraded by contaminated transfer lines in purge-and-
trap systems and/or active sites in trapping materials.

7.2.9 Using the RFs from the initial calibration, calculate the
percent relative standard deviation (¥RSD) for Calibration Check
Compounds (CCCs).
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tRsD = =2 x 100

X
where:

RSD = relative standard deviation.

X = mean of 5 initial RFs for a compound.

SD = standard deviation of averagec RFs for a compound.
N
o = | L (x; - %)°
j=] —————
N-1

The %RSD for each individual CCC should be 1less than 30 percent. This-
criterion must be met 1in order for the individual calibration to be
valid. The CCCs are: '

1,1-Dichloroethene,
Chlovroform,
1,2-Dichloropropane,
Toluene,
Ethylbenzene, and
Vinyl chloride.

7.3 Daily GC/MS calibration:

7.3.1 Prior to the analysis of samples, inject or purge 50-ng of
the 4-bromofluorobenzene standard. The resultant mass spectra for the
B8FB must meet all of the criteria given in Table 3 before sample analysis
begins. These criteria must be demonstrated each 12-hr shift.

7.3.2 The initial calibration curve (Section 7.2) for each compound
of interest must be checked and verified once every 12 hr of analysis
time. This is accomplished by analyzing a calibration standard that is
at a concentration near the midpoint concentration for the working range
of th§ GC/MS by checking the SPCC (Paragraph 7.3.3) and CCC (Paragraph
7.3.4).

7.3.3 System Performance Check Compounds (SPCCs): A system
performance check must be made each 12 hr. If the SPCC criteria are met,
a comparison of response factors is made for all compounds. This is the
same check that 1is applied during the initial calibration. If the
minimum response factors are not met, the system must be evaluated, and
corrective action must be taken before sample analysis begins. The
minimum response factor for volatile SPCCs 1is 0.300 (0.250 for Bromo-
form).  Some possible problems are standard mixture degradation,
injection port inlet contamination, contamination at the front end of the

analytical column, and active sites in the column or chromatographic

system.
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7.3.4 Calibration Check Compounds (CCCs): After the system
performance check is met, CCCs listed in Paragraph 7.2.9 are used to
check the validity of the initial calibration. Calculate the percent
difference using: '

- ﬁl - RE_
% Difference = ————— x 100
RF
I
where:
ﬁ?[ = average response factor from initial calibration.
RFc = response factor from current verification check standard.

If the percent difference for any compound 1is greater than 20, the
laboratory should consider this a warning limit. If the percent
difference for each CCC is less than 25%, the initial calibration is
assumed to be valid. If the criterion is not met (>25% difference), for
any one CCC, corrective action MUST be taken. Problems similar to those
listed under SPCCs could affect this criterion. If no source of the
problem can be determined after corrective action has been taken, a new

five-point calibration MUST be generated. This criterion MUST be met
before quantitative sample analysis begins.

7.3.5 The internal standard responses and retention times in the
check calibration standard must be evaluated immediately after or during
data acquisition. If the retention time for any internal standard
changes by more than 30 sec from the last check calibration (12 hr), the
chromatographic system must be inspected for malfunctions and corrections
must be made, as required. If the EICP area for any of the internal
standards changes by a factor of two (-50% to +100%) from the last daily
calibration standard check, the mass spectrometer must be inspected for
malfunctions and corrections must be made, as appropriate. When
corrections are made, reanalysis of samples analyzed while the system was
malfunctioning are necessary.

7.4 GC/MS analysis:

7.4.1 Water samples:

7.4.1.1 Screening of the sample prior to purge-and-trap
analysis will provide guidance on whether sample dilution is
necessary and will prevent contamination of the purge-and-trap
system. Two screening techniques that can be used are: the
headspace sampler (Method 3810) using a gas chromatograph (GC)
equipped with a photo ionization detector (PID) in series with an
electrolytic conductivity detector (ECD); and extraction of the
sample with hexadecane and analysis of the extract on a GC with a
FID and/or an ECD (Method 3820).
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*7.4.1.2 A1l samples and standard solutions must be allowed to
warm to ambient temperature before analysis.

7.4.1.3 Set up the GC/MS system as outlined in Paragraph
7.2.1.

7.4.1.4 BFB tuning criteria and daily GC/MS calibration
criteria must be met (Section 7.3) before analyzing samples.

7.4.1.5 Adjust the purge gas (helium) flow rate to 25-40
mL/min on the purge-and-trap device. Optimize  the flow rate to
provide the best response for chloromethane and bromoform, if these
compounds are analytes. Excessive flow rate reduces chloromethane"
response, whereas insufficient flow reduces bromoform response (see
Section 7.2.8).

7.4.1.6 Remove the plunger from a 5-ml syringe and attach a°
closed syringe valve. Open the sample or standard bottle, which has
been allowed to come to ambient temperature, and carefully pour the
sample {into the syringe barrel to- just short- of overflowing.
Replace the syringe plunger and compress the sample. Open the
syringe valve and vent any residual air while adjusting the sample
volume to 5.0 mL. This process of taking an aliquot destroys the
validity of the 1liquid sample for future analysis; therefore, if
there is only one VOA vial, the analyst should fill a second syringe
at this time to protect against possible loss of sample integrity.
- This second sample 1{is maintained only until such time when the
analyst has determined that the first sample has been analyzed
properly. Filling one 20-mL syringe would allow the use of only one
syringe. If a second analysis is needed from a syringe, it must be

analyzed within 24 hr. Care must be taken to prevent air from
leaking into the syringe.

7.4.1.7 The following procedure {is appropriate for diluting
purgeable samples. All steps must be performed without delays until
the di]utgd sample is in a gas-tight syringe.

7.4.1.7.1 Dilutions may be made in volumetric flasks (10-t
o 100-mL). Select the volumetric flask that will allow for the
necessary dilution. Intermediate dilutions may be necessary
for extremely large dilutions.

7.4.1.7.2 Calculate the approximate volume of reagent wate
r to be added to the volumetric flask selected and add slightly
less than this quantity of reagent water to the flask.

: 7.4.1.7.3 Inject the proper aliquot of samples from the sy
ringe prepared in Paragraph 7.4.1.6 into the flask. Aliquots
of less than 1-mL are not recommended. Dilute the sample to
the mark with reagent water. Cap the flask, invert, and shake
three times. Repeat above procedure for additional dilutions.
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7.4.1.7.4 Fill a 5-mL syringe with the diluted sample as i
n Paragraph 7.4.1.6.

7.4.1.8 Add 10.0 uL of surrogate spiking solution (Paragraph
5.3) and 10 uL of internal standard spiking solution (Paragraph 5.4)
through the valve bore of the syringe; then close the valve. The
surrogate and internal standards may be mixed and added as a single
spiking solution. The addition of 10 ul of the surrogate spiking
solution to 5 mL of sample is equivalent to a concentration of 50
ug/L of each surrogate standard.

7.4.1.9 Attach the syringe-syringe valve assembly to the
syringe valve on the purging device. Open the syringe valves and
inject the sample into the purging chamber.

7.4.1.10 Close both valves and purge the sample for 11.0 + 0.1
min at ambient temperature.

7.4.1.11 At the conclusion of the purge time, attach the trap
to the chromatograph, adjust the device to the desorb mode, and
begin the gas chromatographic temperature program and GC/MS data
acquisition. Concurrently, introduce the trapped materials to the
gas chromatographic column by rapidly heating the trap to 180°C
while backflushing the trap with inert gas between 20 and 60 mL/min
for 4 min. 'If this rapid heating requirement cannot be met, the gas
chromatographic column must be used as a secondary trap by cooling
it to 30°C (or subambient, 1{if problems persist) instead of the
recommended initial program temperature of 45°C.

7.4.1.12 VWhile the trap is being 'desorbed into the gas
chromatograph, empty the purging chamber. Wash the chamber with a
minimum of two 5-mL flushes of reagent water (or methanol followed

by reagent water) to avoid carryover of pollutant compounds into
subsequent analyses.

7.4.1.13 After desorbing the sample for 4 min, recondition the
trap by returning the purge-and-trap device to the purge mode. Wait
15 sec; then close the syringe valve on the purging device to begin
gas flow through the trap. The trap temperature should be
maintained at 180°C. Trap temperatures up to 220°C may be employed;
however, the higher temperature will shorten the useful life of the
trap. After approximately 7 min, turn off the trap heater and open
the syringe valve to stop the gas flow through the trap. When cool,
the trap is ready for the next sample.

7.4.1.14 If the initial analysis of a sample or a dilution of
the sample has a concentration of analytes that exceeds the initial
calibration range, the sample must be reanalyzed at a higher
dilution. Secondary ion quantitation is allowed only when there are
sample interferences with the primary ion. When a sample is
analyzed that has saturated ions from a compound, this analysis must
be followed by a blank reagent water analysis. If the blank
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analysis is not free of interferences, the system must be
decontaminated. Sample analysis may not resume until a blank can be
analyzed that is free of interferences.

7.4.1.15 For matrix spike analysis, add 10 ul of the matrix
spike solution (Paragraph 5.7) to the 5 mL of sample purged.
Disregarding any dilutions, this is equivalent to a concentration of
50 ug/L of each matrix spike standard.

7.4.1.16 All dilutions should keep the response of the major

constituents (previously saturated peaks) in the upper half of the.

linear range of the curve. Proceed to Sections 7.5.1 and 7.5.2 for
qualitative and quantitative analysis. T

7.4.2 Mater-miscible liquids:

7.4.2.1 Water-miscible 1iquids are analyzed as water samples
after first diluting them at least 50-fold with reagent water.

7.4.2.2 Initial and serial dilutions can be prepared by
pipetting 2 mL of the sample to a 100-mL volumetric flask and
diluting to volume with reagent water. Transfer immediately to a
5-mL gas-tight syringe.

7.4.2.3 Alternatively, prepare dilutions directly in a 5-mL
syringe filled with reagent water by adding at least 20 ul, but not
more than 100-uL of liquid sample. The sample is ready for addition
of internal and surrogate standards.

7.4.3 Sediment/soil and waste samples: It is highly recommended
that all samples of this type be screened prior to the purge-and-trap
GC/MS analysis. The headspace method (Method 3810) or the hexadecane
extraction and screening method (Method 3820) may used for this purpose.
These samples may contain percent quantities of purgeable organics that
will contaminate the purge-and-trap system, and require extensive cleanup
and instrument downtime. Use the screening data to determine whether to
use the low-level method (0.005-1 mg/kg) or the high-level method
(>1 mg/kg).

7.4.3.1 Low-level method: This 1is designed for samples
containing individual purgeable compounds of <1 wmg/kg. It is
limited to sediment/soil samples and waste that is of a similar
consistency (granular and porous). The low-level method is based on
purging a heated sediment/soil sample mixed with reagent water
containing the surrogate and internal standards. Analyze all
reagent blanks and standards under the same conditions as the
samples. See Figure 5 for an illustration of a low soils impinger.

7.4.3.1.1 Use a 5-g sample if the expected concentration
is <0.1 mg/kg or a 1-g sample for expected concentrations
between 0.1 and 1 mg/kg.
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7.4.3.1.2 The GC/MS system should be set up as in
Paragraphs 7.4.1.2-7.4.1.4. This should be done prior to the
preparation of the sample to avoid loss of volatiles from

standards and samples. A heated purge calibration curve must
be prepared and used for the quantitation of all samples
analyzed with the low-level method. Follow the initial and

daily calibration instructions, except for the addition of a
40°C purge temperature.

7.4.3.1.3 Remove the plunger from a 5-mlL Luerlock type
syringe equipped with a syringe wvalve and fill until
overflowing with reagent water. Replace the plunger and

compress the water to vent trapped air. Adjust the volume to-

5.0 mL. Add 10 ulL each of surrogate spiking solution
(Paragraph 5.3) and internal standard solution (Paragraph 5.4)
to the syringe through the valve. (Surrogate spiking solution
and internal standard solution may be mixed together.) The-
addition of 10 uL of the surrogate spiking solution to 5 g of
sediment/soil is equivalent to 50 ug/kg of each surrogate
standard.

7.4.3.1.4 The sample (for volatile organics) consists of
the entire contents of the sample container. Do not discard
any supernatant liquids. Mix the contents of the sample
container with a narrow metal spatula. Weigh the amount
determined in Paragraph 7.4.3.1.1 into a tared purge device,
. Note and record the actual weight to the nearest 0.1 g.

7.4.3.1.5 Determine the percent moisture of the
soil/sediment sample. This -includes. waste samples that are
amenable to moisture determination. Other wastes should be
reported on a wet-weight basis. Immediately after -weighing the
sample, weigh (to 0.1 g) 5-10 g of additional sediment/soil
into a tared crucible. Dry the contents of the crucibles
overnight at 105°C. Allow to cool in a desiccator and reweigh
the dried contents. Concentrations of individual analytes will
be reported relative to the dry weight of sediment.

qrams of sample - grams of dry sample
grams of sample

% moisture = x 100

7.4.3.1.6 Add the spiked reagent water to the purge
device, which contains the weighed amount of sample, and
connect the device to the purge-and-trap system.

NOTE: Prior to the attachment of the purge device, the

procedures in Paragraphs 7.4.3.1.4 and 7.4.3.1.6 must be

performed rapidly and without interruption to avoid loss

of volatile organics. These steps must be performed in a

laboratory free of solvent fumes.

7.4.3.1.7 Heat the sample to 40°C + 1°C and purge the
sample for 11.0 + 0.1 min.
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7.4.3.1.8 Proceed with the analysis as outlined in
Paragraphs 7.4.1.11-7.4.1.16. Use 5 mL of the same reagent
water as in the reagent blank. [f saturated peaks occurred or
would occur if a 1-g sample were analyzed, the medium-level
method must be followed.

7.4.3.1.9 For low-level sediment/soils add 10 ul of the
matrix spike solution (Paragraph 5.7) to the 5 mL of water
{Paragraph 7.4.3.1.3). The concentration for a 5-g sample
would be equivalent to 50 ug/kg of each matrix spike standard.

7.4.3.2 High-level method: The method is based on extracting
the sediment/soil with methanol. A waste sample is either extracted
or diluted, depending on its solubility in methanol. An aliquot of
the extract 1is added to reagent water containing surrogate and
internal standards. This 1is purged at ambient temperature. All
samples with an expected concentration of >1.0 mg/kg should be
analyzed by this method.

7.4.3.2.1 The sample (for volatile organics) consists of
the entire contents of the sample container. Do not discard
any supernatant liquids. Mix the contents of the sample
container with a narrow metal spatula. For sediment/soil and
waste that are insoluble in methanol weigh 4 g (wet weight) of
sample into a tared 20-mL vial. Use a top-loading balance.
Note and record the actual weight to 0.1 gram and determine the
percent moisture of the sample using the procedure in Paragraph
7.4.3.1.5. For waste that 1{is soluble in methanol, weigh 1 g
(wet weight) into a tared scintillation vial or culture tube or
a 10-mL volumetric flask. (If a vial or tube is used, it must
be calibrated prior to use. Pipet 10.0 mL of methanol into the
vial and mark the bottom of the meniscus. Discard this
solvent.)

7.4.3.2.2 Quickly add 9.0 mL of methanol; then add 1.0 mL
of the surrogate spiking solution to the vial. Cap and shake
for 2 min.

NOTE: Steps 7.4.3.2.1 and 7.4.3.2.2 must be performed

rapidly and without interruption to avoid loss of volatile

organics. These steps must be performed in a laboratory
free from solvent fumes.

7.4.3.2.3 Pipet approximately 1 mL of the extract to a GC
vial for storage, using a disposable pipet. The remainder may

be disposed of. Transfer approximately 1 mL of reagent
methanol to a separate GC vial for use as the method blank for
each set of samples. These extracts may be stored at 4°C in

the dark, prior to analysis. The addition of a 100-uL aliquot
of each of these extracts in Paragraph 7.4.3.2.6 will give a
concentration equivalent to 6,200 ug/kg of each surrogate
standard.

8240 —- 25
Revision 0
Date September 1986

300648



7.4.3.2.4 The GC/MS system should be set up as in
Paragraphs 7.4.1.2-7.4.1.4. This should be done prior to-the
addition of the methanol extract to reagent water.

7.4.3.2.5 Table 4 can be used to determine the volume of
methanol extract to add to the 5 mL of reagent water for
analysis. If a screening procedure was followed (Method 3810
or 3820), use the estimated concentration to determine the

appropriate volume. Otherwise, estimate the concentration
range of the sample from the low-level analysis to determine
the appropriate volume. If the sample was submitted as a

medium-level sample, start with 100 wubL. All dilutions must
keep the response of the major constituents (previously

saturated peaks) in the upper half of the linear range of the
curve. -

7.4.3.2.6 Remove the plunger from a 5.0-mL Luerlock type
syringe equipped with a syringe valve and fill until
overflowing with reagent water. Replace the' plunger and
compress the water to vent trapped air. Adjust the volume to
4.9 mL. Pull the plunger back to 5.0 mL to allow volume for
the addition of the sample extract and of standards. Add 10
uL of internal standard solution. Also add the volume of
methanol extract determined in Paragraph 7.4.3.2.5 and a volume
of methanol solvent to total 100 ulL (excluding methanol in
standards).

7.4.3.2.7 Attach the syringe-syringe valve assembly to
the syringe valve on the purging device. Open the syringe
valve and inject the water/methanol sample into the purging
chamber.

7.4.3.2.8 Proceed with the analysis as outlined in
Paragraphs 7.4.1.11-7.4.1.16. Analyze all reagent blanks on
the same instrument as that use for the samples. The standards
and blanks should also contain 100 ulL of methanol to simulate
the sample conditions.

7.4.3.2.9 For a matrix spike in the medium-level
sediment/soil samples, add 8.0 mL of methanol, 1.0 mlL of
surrogate spike solution (Paragraph 5.3), and 1.0 mL of matrix
spike solution (Paragraph 5.7) as in Paragraph 7.4.3.2.2. This
results in a 6,200 ug/kg concentration of each matrix spike
standard when added to a 4-g sample. Add a 100-ulL aliquot of
this extrict to 5 mL of water for purging (as per Paragraph
7.4.3.2.6). -
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TABLE 4. QUANTITY OF METHANOL EXTRACT REQUIRED FOR ANALYSIS OF MEDIUM-LEVEL

SOILS/SEDIMENTS

Approximate
Concentration Range

Volume of
Methanol Extract@

500-10,000 ug/kg
1,000-20,000 ug/kg
5,000-100,000 ug/kg

25,000-500,000 ug/kg

100 ubL
50 ubL
10 ul
100 uL of 1/50 dilution b

Calculate appropriate dilution

table.

aThe volume of methanol added to 5 mbL of water being purged should be

factor for concentrations exceeding this = -

kept constant. Therefore, add to the 5-mL syringe whatever volume of methanol

is necessary to maintain a volume of 100 ul added to the syringe.

bpiiute an aliquot of the methanol

analysis.
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7.

5

Data interpretation:

7.5.1 Qualitative analysis:

7.5.1.1 An analyte (e.g., those listed in Table 1) is
identified by comparison of the sample mass spectrum with the mass
spectrum of a standard of the suspected compound (standard reference
spectrum). Mass spectra for standard reference should be obtained
on the user's GC/MS within the same 12 hours as the sample analysis.
These standard reference spectra may be obtained through analysis of
the calibration standards. Two criteria must be satisfied to verify
identification: (1) elution of sample component at the same GC

relative retention time (RRT) as those of the standard component;’

and (2) correspondence of the sample component and the standard
component mass spectrum. )

7.5.1.1.1 The sample component RRT must compare within
+ 0.06 RRT units of the RRT of the standard component. For
reference, the standard must be run within the same 12 hr as

the sample. If coelution of interfering components prohibits’

accurate assignment of the sample component RRT from the total
ion chromatogram, the RRT should be assigned by using extracted

jon current profiles for i{ons unique to the component of
interest.

7.5.1.1.2 (1) All 1ions present in the standard mass
spectra at a relative intensity greater than 10% (most abundant
ifon in the spectrum equals 100% must be present in the sample
spectrum). (2) The relative {intensities of ions specified in
(1) must agree within plus or minus 20% between the standard
and sample spectra. (Example: For an fon with an abundance of
50% in the standard spectra, the corresponding sample abundance
must be between 30 and 70 percent.

7.5.1.2 For samples containing components not associated with
the calibration standards, a Jlibrary search may be made for the
purpose of tentative identification. The necessity to perform this
type of identification will be determined by the type of analyses

being conducted. Guidelines for making tentative identification
are:

(1) Relative intensities of major ions in the reference spectrum
(ions >10% of the most abundant ion) should be present in the sample

spectrum.

(2) The relative intensities of the major ions should agree within
+20%. (Example: For an ijon with an abundance of 50% in the

standard spectrum, the corresponding sample ion abundance must be
between 30 and 70%).

(3) Molecular ions present in the reference spectrum should be
present in the sample spectrum.
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(4) Tlons present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background contamination or
presence of coeluting compounds.

(5) Ions present in the reference spectrum but not in the sample
spectrum should be reviewed for possible subtraction from the sample
spectrum because of background contamination or coeluting peaks.
Data system library reduction programs can sometimes create these
discrepancies.

Computer generated library search routines should not use
normalization routines that would misrepresent the library or
unknown spectra when compared to each other. Only after visual
comparison of sample with the nearest library searches will the mass
spectral interpretation specialist assign a tentative
identification.

7.5.2 Quantitative analysis:

7.5.2.1 When a compound has been 1identified, the quantifi-
cation of that compound will be based on the integrated abundance
from the EICP of the primary characteristic fon. Quantification
will take place using the internal standard technique. The internal
standard used shall be the one nearest the retention time of that of
a given analyte (e.g., see Table 5).

7.5.2.2 Cdlculate the concentration of each identified
analyte in the sample as follows:

Water and Water-Miscible Waste:

(A (1)
concentration (ug/L) = (A JRF (V)
S o]

where:
Ax = Area of characteristic ion for compound being measured.
Ig = Amount of internal standard fnjected (ng).
.Ais = Area of characteristic {on for the internal standard.
RF = Re;pgn;i factor for compound being measured (Paragraph
Vg = Volume of water éurged (mL), taking into consideration

any dilutions made.
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TABLE 5. VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES ASSIGNED

FOR QUANTITATION

Bromochloromethane

Acectone

Acrolein
Acrylonitrile
Bromomethane
Carbon disulfide
Chloroethane
Chloroform
Chloromethane
Dichlorodifluoromethane
1,1-Dichloroethane
1,2-Dichloroethane

1,4-Difluorobenzene

Benzene
Bromodlchloromethane
Bromoform

2-Butanone

Carbon tetrachloride
Chiorodibromomethane
2-Chloroethyl vinyl ether
Dibromomethane
1,4-Dichloro-2-butene
1,2-Dichloropropane
cis-1,3-Dichloropropene

1,2-Dichloroethane-dq (surrogate) trans-1,3-Dichloropropene

1,1-Dichloroethene
trans-1,2-Dichloroethene
Iodomethane

Methylene chloride
Trichlorofluoromethane
Vinyl chloride

1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethene

Vinyl acetate

Chlorobenzene-ds

Bromofiuorobenzene (surrogate)
Chlorobenzene
Ethylbenzene

Ethyl methacrylate
2-Hexanone
4-Methyl-2-pentanone
Styrene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene

Toluene-dg (surrogate)
1,2,3-Trichloropropane
Xylene
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Sediment/Soil, Sludge, and Waste:

High-Tevel:

(A1) (V)
(R, )RR (V) (W)

concentration (ug/kg) =

Low-level:

(AJ(L)
concentration (ug/kg) = TR—YTRFY(W)
is S

where:
Ay, Is, Ajs, RF = same as for water.

V¢ = volume of total extract (uL) (use 10,000 uL or a factor
of this when dilutions are made).

Vi = volume of extract added (uL) for purging.

Ws = weight of sample extracted or purged (g). The wet weight
‘or dry weight may be used, depending upon the specific
applications of the data.

7.5.2.3 Sediment/soil samples are generally reported on a
dry weight basis, while sludges and wastes are reported on a wet
weight basis. The % moisture of the sample (as calculated in
Paragraph 7.4.3.1.5) should be reported along with the data in
either instance.

7.5.2.4 Where applicable, an estimate of concentration for
noncalibrated components in the sample should be made. The
formulas given above should be used with the following modifica-
tions: The areas Ax and Ajg should be from the total ion
chromatograms, and the RF for the compound should be assumed to be
1. The concentration obtained should be reported indicating
(1) that the value is an estimate and (2) which internal standard
was used to determine concentration. Use the nearest internal
standard free of interferences.

7.5.2.5 Report results without correction for recovery data.
When duplicates and spiked samples are analyzed, report all data
obtained with the sample results.

8.0 QUALITY CONTROL

8.1 Each laboratory that uses these methods is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an ongoing
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analysis of spiked samples to evaluate and document quality data. The
laboratory must maintain records to document the quality of the data

generated. Ongoing data quality checks arc compared with established
performance criteria to determine if the vresults of analyses meet the
performance characteristics of the method. When  results of sample spikes

indicate atypical method performance, a quality control check standard must be
analyzed to confirm that the measurements were performed in an in-control mode
of operation. '

8.2 Before processing any samples, the analyst should demonstrate,
through the analysis of a reagent water blank, that interferences from the .
analytical system, glassware, and reagents are under control. Each time a set
of samples is extracted or there is a change in reagents, a reagent water
blank should be processed as a safeguard against chronic laboratory
contamination. The blank samples should be carried through all stages of the
sample preparation and measurement steps.

8.3 The experience of the analyst performing GC/MS analyses is
invaluable to the success of the methods. Each day that analysis is.
performed, the daily calibration standard should be evaluated to determine if
the chromatographic system is operating properly. Questions that should be
asked are: Do the peaks look normal?; Is the response obtained comparable to
the response from previous calibrations? Careful examination of the standard
chromatogram can indicate whether the column is still useable, the injector is
lTeaking, the injector septum needs replacing, etc. If any changes are made to
the system (e.g, column changed), recalibration of the system must take place.

8.4 Required instrument QC is found in the following section:

8.4.1 The GC/MS system must be tuned to meet the BFB specifications
in Section 7.2.2.

8.4.2 There must be an initial calibration of the GC/MS system as
specified in 7.2.

8.4.3 The GC/MS system must meet the SPCC criteria specified in
7.3.3 and the CCC criteria in 7.3.4, each 12 hr.

8.5 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.5.1 A quality (QC) check sample concentrate is required
containing each analyte at a concentration of 10 ug/mL in methanol. The
QC check sample concentrate may be prepared from pure standard materials
or purchased as certified solutions. If prepared by the laboratory, the
QC check sample concentrate must be made using stock standards prepared
independently from those used for calibration.

8.5.2 Prepare a QC check sample to contain 20 ug/L of each analyte

by adding 200 ut of QC check sample concentrate to 100 mL of reagent
water.
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8.5.3 Four 5-mL aliquots of the well-mixed QC check sample are
analyzed according to the method beginning in Section 7.4.1. -
8.5.4 Calculate the average recovery (X) in ug/L, and the standard

deviation of the recovery (s) 1in ug/L, for each analyte using the four
results.

8.5.5 For each analyte compare s and X _with the corresponding
acceptance criteria for precision and accuracy, respectively, found in
Table 6. If s and X for all analytes meet the acceptance criteria, the
system performance is acceptable and analysis of actual samples can
begin. .If any individual s exceeds the precision limit or any individual
X falls outside the range for accuracy, then the system performance is
unacceptable for that analyte.

NOTE: The large number of analytes in Table 6 present a substantial

probability that one or more will fail at least one of the

acceptance criteria when all analytes of a given method are
determined.

8.5.6 When one or more of the ané]ytes tested.fail'at least one of

the acceptance criteria, the analyst must proceed according to Paragraph
8.5.6.1 or 8.5.6.2.

'8.5.6.1 Locate and correct the source of the problem and
‘Tepeat the test for all analytes beginning with Section 8.5.2.

8.5.6.2 Beginning with Section 8.5.2, repeat the test only for
those analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the measurement system.
I1f this occurs, locate and correct the source of the problem and

repeat the test for all compounds of interest beginning with Section
8.5.2.

8.6 The laboratory must, on an ongoing basis, analyze a reagent blank, a
matrix spike, and a matrix spike duplicate/duplicate for each analytical batch
(up to a maximum of 20 samples/batch) to assess accuracy. For laboratories

analyzing one to ten samples per month, at least one spiked sample per month
is required.

8.6.1 The concentration of the spike in the sample should be
determined as follows:

8.6.1.1 If, as in compliance monitoring, the concentration of
a specific analyte in the sample 1is being checked against a
regulatory concentration limit, the spike should be at that limit or
1 to 5 times higher thnan the background concentration determined in
Section 8.6.2, whichever concentration would be larger.

8.6.1.2 If the concentration of a specific analyte in the
sample is not being checked against a specific limit, the spike
should be at 20 ug/L or 1 to 5 times higher than the background
concentration determined in Section 8.6.2, whichever concentration
would be larger.
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TABLE 6. CALIBRATION AND QC ACCEPTANCE CRITERIA®

Range Limit Range Range
for Q for s for X . Ps
Parameter (ug/L) (ug/L) (ug/L) (%)
Benzene 12.8-27.2 6.9 15.2-26.0 37-151
Bromodichloromethane 13.1-26.9 6.4 10.1-28.0 35-155
Bromoform 14.2-25.8 5.4 11.4-31.1 45-169
Bromomethane 2.8-37.2 17.9 D-41.2 D-242
Carbon tetrachloride 14.6-25.4 5.2 17.2-23.5 70-140
Chlorobenzene 13.2-26.8 6.3 16.4-27 .4 37-160
2-Chloroethylvinyl ether D-44.8 25.9 D-50.4 D-305
Chloroform 13.5-26.5 6.1 13.7-24.2 51-138
Chloromethane D-40.8 19.8 D-45.9 D-273
Dibromochloromethane 13.5-26.5 6.1 13.8-26.6 53-149
1,2-Dichlorobenzene 12.6-27.4 7.1 11.8-34.7 18-190
1,3-Dichlorobenzene 14.6-25.4 5.5 17.0-28.8 59-156
1,4-Dichlorobenzene 12.6-27.4 7.1 11.8-34.7 18-190
1,1-Dichloroethane 14.5-25.5 5.1 14.2-28.4 59-155
1,2-Dichloroethane 13.6-26.4 6.0 14.3-27.4 49-155
1,1-Dichloroethene 10.1-29.9 9.1 3.7-42.3 D-234
trans-1,2-Dichloroethene 13.9-26.1 5.7 13.6-28.4 54-156
1,2-Dichloropropane 6.8-33.2 13.8 3.8-36.2 D-210
cis-1,3-Dichloropropene 4.8-35.2 15.8 1.0-39.0 D-227
trans-1,3-Dichloropropene 10.0-30.0 10.4 7.6-32.4 17-183
_Ethyl benzene - ‘ 11.8-28.2 7.5 17.4-26.7 37-162
Methylene chloride 12.1-27.9 7.4 D-41.0 D-221
1,1,2,2-Tetrachloroethane 12.1-27.9 7.4 13.5-27.2 46-157
Tetrachloroethene 14.7-25.3 5.0 17.0-26.6 64-148
Toluene 14.9-25.1 4.8 16.6-26.7 47-150
1,1,1-Trichloroethane 15.0-25.0 4.6 13.7-30.1 52-162
1,1,2-Trichloroethane 14.2-25.8 5.5 14.3-27.1 52-150
Trichloroethene - 13.3-26.7 6.6 18.5-27.6 71-157
Trichlorofluoromethane 9.6-30.4 - -10.0 8.9-31.5 17-181
Vinyl chloride 0.8-39.2 20.0 D-43.5 D-251

W nn

Q
S
X
Pe
D

aCriteria from 40 CFR Part

assuming a QC check sample concentration of 20 ug/L.

directly upon the method performance data
limits for recovery have been broadened to assure applicability of the limits
to concentrations below those used to develop Table 7.

8240 — 34
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Standard deviation of four recovery measurements, in ug/L.
Average recovery for four recovery measurements, in ug/L.
ps = Percent recovery measured.
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8.6.2 Analyze one 5-mL sample aliquot to determine the background
concentration (B) of cach analyte. [f necessary, prepare a new QC check
sample concentrate (Section 8.5.1) appropriate for the background
concentration in the sample. Spike a second 5-mlL sample aliquot with 10
ulL of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of cach analyte. Calculate ecach percent
recovery (p) as 100(A-B)%/7, where T is the known true value of the
spike.

8.6.3 Compare the percent recovery (p) for each analyte with the
corresponding QC acceptance criteria found in Table 6. These acceptance
criteria were calculated to include an allowance for error in measurement
of both the background and spike concentrations, assuming a spike to
background ratio of 5:1. This error will be acounted for to the extent
that the analyst's spike to background ratio approaches 5:1. If spiking
was performed at a concentration lower than 20 ug/L, the analyst must use
either the QC acceptance criteria presented in Table 6, or optional QC
acceptance criteria calculated for the specific spike concentration. To
calculate optional acceptance criteria for the recovery of an analyte:
(1) Calculate accuracy (x') using the equation found in Table 7,
substituting the spike concentration (T) for C: (2) calculate overall
precision (S') using the equation in Table 7, substituting x* for X; (3)
calculate the range for recovery at the spike concentration as (100x'/T)
+ 2.44(100s*/T)%.

8.6.4 If any individual p falls outside the designated range for
recovery, that analyte has failed the acceptance criteria. A check
standard containing each analyte that failed the criteria must be
analyzed as described in Section 8.7.

8.7 If any analyte fails the acceptance criteria for recovery in Sectin

8.6, a QC check standard containing each analyte that failed must be prepared
and analyzed.

NOTE: The frequency for the required analysis of a QC check standard
will depend upon the number of analytes being simultaneously tested, the
complexity of the sample matrix, and the performance of the laboratory.
If the entire list of analytes in Table 6 must be measured in the sample
in Section 8.6, the probability that the analysis of a QC check standard
will be required is high. In this case the QC check standard should be
routinely analyzed with the spiked sample.

8.7.1 Prepare the QC check standard by adding 10 ulL of the QC check
sample concentrate (Section 8.5.1 or 8.6.2) to 5 mL of reagent water.
The QC check standard needs only to contain the analytes that failed
criterta in the test in Section 8.6.

8.7.2 Analyze the QC check standard to determine the concentration
measured (A) of each analyte. Calculate each precent recovery (pg) as
100 (A/T)%, where T is the true value of the standard concentration.
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION@

Single analyst Overall .

Accuracy, as
recovery, x' precision, s,' precision,
Parameter (ug/L) (ug/L) S* (ug/L)

Benzene 0.93C+2.00 0.26X-1.74 0.25%-1.33
Bromodichloromethane 1.03C-1.58 0.15%X+0.59 0.20%+1.13
Bromoform 1.18C-2.35 0.12X+0.34 0.17%X+1.38
Bromomethane 1.00C 0.43% 0.58%
Carbon tetrachloride 1.10C-1.68 0.12%+0.25 0.11%+0.37
Chlorobenzene 0.98C+2.28 0.16%X-0.09 0.26X-1.92
Chloroethane 1.18C+0.81 0.14%+2.78 0.29%+1.75
2-Chloroethylvinyl etherd 1.00C 0.62X 0.84X%
Chloroform 0.93C+0.33 0.16X+0.22 0.18%+0.16
Chloromethane 1.03C-1.81 0.37%X+2.14 0.58X+0.43
Dibromochloromethane 1.01C-0.03 0.17X-0.18 0.17%+0.49
1,2—Dich'lorobenzeneb 0.94C+4.47 0.2ZX-1.45 0.30%-1.20
1,3-Dichlorobenzene 1.06C+1.68 0.14%X-0.48 0.18%-0.82
1,4-Dichlorobenzene 0.94C+4.47 0.22%X-1.45 0.30%X-1.20
1,1-Dichloroethane 1.05C+0.36 0.13%X-0.05 0.16X+0.47
1,2-Dichloroethane 1.02C+0.45 0.17%-0.32 0.21%X-0.38
1,1-Dichloroethene 1.12C+0.61 0.17%+1.06 0.43%X-0.22
trans-1,2,-Dichloroethene 1.05C+0.03 0.14%+0.09 0.19%+0.17
1,2-Dichloropropane? 1.00C 0.33X 0.45%X
cis-1,3-Dichloropropened 1.00C 0.38% 0.52X
trans-1,3-Dichloropropened 1.00C 0.25% 0.34%
Ethyl benzene 0.98C+2.48 0.14%+1.00 0.26%X-1.72
Methylene chloride 0.87C+1.88 0.15%+1.07 0.32%X+4.00
1,1,2,2-Tetrachloroethane 0.93C+1.76 0.16X+0.69 0.20%+0.41
Tetrachloroethene 1.06C+0.60 0.13%X-0.18 0.16X-0.45
Toluene 0.98C+2.03 0.15%-0.71 0.2Zx-1.71
1,1,1-Trichloroethane 1.06C+0.73 0.12%-0.15 0.21X-0.39
1,1,2-Trichloroethane 0.95C+1.71 0.14%+0.02 0.18%+0.00
Trichloroethene 1.04C+2.27 0.13%+0.36 0.12%+0.59
Trichlorofluoromethane 0.99C+0.39 0.33%X-1.48 0.34%-0.39
Vinyl chloride 1.00C 0.48% 0.65%

X' = Expected recovery for one or more measurements of a sample

containing a concentration of C, in ug/L. '

- sp' = Expected single analyst standard deviation of measurements at
an average concentration of X, in ug/L.
St = Expected interlaboratory standard deviation of measurements at

an average concentration found of X, in ug/L.
C = True value for the concentration, in ug/L.

X = Average recovery - found for measurements of samples containing a

concentration of C, in ug/L.

dgstimates based upon the performance in a single laboratory.

Due to chromatographic resolution problems, performance statements for
these isomers are based upon the sums of their concentrations.
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8.7.3 Compare the percent recovery (pg) for each analyte with the
corresponding QC acceptance criteria found in Table 6. Only analytes
that failed the test in Section 8.6 need to be compared with these
criteria. If the recovery of any such analyte falls outside the
designated range, the laboratory performance for that analyte is judged
to be out of control, and the problem must be immediately identified and
corrected. The result for that analyte in the unspiked sample is suspect
and may not be reported for requlatory compliance purposes.

8.8 As part of the QC program for the laboratory, method accuracy for
each matrix studied must be assessed and records must be maintained. After
the analysis of five spiked samples (of the same matrix) as in Section 8.6,
calculate the average percent recovery (pP) and the standard deviation of the
percent recovery (sy). Express the accuracy assessment as a percent recovery
interval from P - 2sp to P + 2sp.  If P = 90X and sp = 10%, for example, the
accuracy interval is expressed as 70-110%. Update the accuracy assessment for

each analyte on a regular basis (e.g. after each five to ten new accuracy
measurements).

8.9 To determine acceptable accuracy and precision limits for surrogate
standards the following procedure should be performed.

8.9.1 For each sample analyzed, calculate the percent recovery of
each surrogate in the sample.

8.9.2 Once a minimum of thirty samples of the same matrix have been
analyzed, calculate the average percent recovery (p) and standard
deviation of the percent recovery (sg for each of the surrogates.

8.9.3 For a given matrix, calculate the upper and lower control

1imit for method performance for each surrogate standard. This should be
done as follows:

Upper Control Limit (UCL)

p +3s
Lower Control Limit (LCL)

p - 3s

8.9.4 For aqueous and soil matrices, these laboratory established
surrogate control limits should, if applicable, be compared with the
control limits listed fn Table 8. The limits given in Table 8 are multi-
.laboratory performance based 1limits for soil and aqueous samples, and
therefore, the single-laboratory 1limits established in Paragraph 8.9.3
must fall within those given in Table 8 for these matrices.

8.9.5 If recovery fs not within 1limits, the following procedures
are required. -

- Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

- Recalculate the data and/or reanalyze the extract if any of

the above checks reveal a problem.
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TABLE 8. SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES

. Low/Medium Low/Medium
Surrogate Compound Water Soil/Sediment
“4-Bromofluorobenzene 86-115 74-121
1,2-Dichloroethane-dy 76-114 70-121
Toluene-dg 88-110 81-117
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- Reextract and reanalyze the sample if none of the above are
a problem or flag the data as "estimated concentration.*

8.9.6 At a wminimum, each laboratory should update surrogate
recovery limits on a matrix-by-matrix basis, annually.

- 8.10 It is recommended that the Tlaboratory adopt additional quality
assurance practices for use with this method. The specific practices that are
most productive depend upon the needs of the laboratory and the nature of the
samples. Field duplicates may be analyzed to assess the precision of the
environmental measurements. When doubt exists over the identification of a
peak on the chromatogram, confirmatory techniques such as gas chromatography
with a dissimilar column or a different ionization mode wusing a mass

spectrometer must be used. Whenever possible, the laboratory should analyze

standard reference materials and participate 1in relevant performance
evaluation studies.

9.0 METHOD PERFORMANCE

9.1 The method detection 1imit (MDL) {s defined as the minimum
concentration of a substance that can be measured and reported with 99%
confidence that the value is above zero. The MDL concentrations listed in
Table 1 were obtained using reagent water. Similar results were achieved
using representative wastewaters. The MDL actually achieved 1in a given
analysis will vary depending on instrument sensitivity and matrix effects.

9.2 This method was tested by 15 1laboratories using reagent water,
drinking water, surface’ water, and industrial wastewaters spiked at six
concentrations over the range 5-600 ug/L. Single operator precision, overall
precision, and method accuracy were found to be directly related to the
concentration of the analyte and essentially independent of the sample matrix.
Linear equations to describe these relationships are presented in Table 7.
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METHOD 8270

GAS CHROMATOGRAPHY/MASS SPECTROMETRY FOR SEMIVOLATILE ORGANICS:
CAPILLARY COLUMN TECHNIQUE :

1.0 SCOPE AND APPLICATION

1.1 Method 8270 is used to determine the concentration of semivolatile
organic compounds in extracts prepared from all types of solid waste

matrices, soils, and ground water. Direct injection of a sample may be used
in limited applications. .

1.2 Method 8270 can be used to quantify most neutral, acidic, and basic
organic compounds that are soluble in methylene chloride and capable of being
eluted without derivatization as sharp peaks from a gas chromatographic
fused-silica capillary column coated with a slightly polar silicone. Such
compounds include polynuclear aromatic hydrocarbons, chlorinated hydrocarbons
and pesticides, phthalate esters, organophosphate esters, nitrosamines,
haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines,
aromatic nitro compounds, and phenols, 1including nitrophenols. See Table 1

for a list of compounds and their characteristic ijons that have been
evaluated on the specified GC/MS system. :

1.3 The following compounds may require special treatment when being
determined by this method. Benzidine can be subject to oxidative losses
during solvent concentration. Also, chromatography 1is poor. Under the
alkaline conditions of the extraction step, a-BHC, 7 -BHC, endosulfan I and
II, and endrin are subject to decomposition. Neutral extraction should be
performed if these compounds are expected. Hexachlorocyclopentadiene is
subject to thermal decomposition in the inlet of the gas chromatograph,
chemical reaction in acetone solution, and photochemical decomposition.
N-nitrosodimethylamine is difficult to separate from the solvent under the
chromatographic conditions described. N-nitrosodiphenylamine decomposes in
the gas chromatographic 1inlet and cannot be separated from diphenylamine.
Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-
methylphenol, 4-chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-
nitroaniline, 4-chloroaniline, and benzyl alcohol are subject to erratic
chromatographic behavior, especially if the GC system is contaminated with
high boiling material.

1.4 The practical quantitation 1limit (PQL) of Method 8270 for
determining an individual compound is approximately 1 mg/kg (wet weight) for
soil/sediment samples, 1-200 mg/kg for wastes (dependent on matrix and method
of preparation), and 10 ug/L-for ground water samples (see Table 2). PQLs
will be proportionately higher for sample extracts that require dilution to
avoid saturation of the detector.

1.5 This method is restricted to use by or under the supervision of
analysts experienced in the use of gas chromatograph/mass spectrometers and
skilled in the interpretation of mass spectra. Each analyst must demonstrate
the ability to generate acceptable results with this method.
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TABLE 1. CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS

Retention
Compound Time (min) Primary Ion Secondary Ion(s)
Acenaphthene 15.13 154 153, 152
Acenaphthene-dig (I.S.) 15.05 164 162, 160
Acenaphthylene 14.57 152 151, 153
Acetophenone 7.962 105 77, 51
Aldrin -- 66 263, 220
Aniline 5.68 93 66, 65
Anthracene 19.77 178 176, 179
4-Aminobiphenyl 19.182 169 168, 170
Aroclor-1016 -- 222 260, 292
Aroclor-1221 ‘ -- 190 224, 260
Aroclor-1232 -- 190 224, 260
Aroclor-1242 -- 222 256, 292
Aroclor-1248 -- 292 362, 326
Aroclor-1254 -- 292 362, 326
Aroclor-1260 - 360 362, 394
Benzidine 23.87 184 92, 185
Benzoic acid 9.38 122 105, 77 |
Benzo(a)anthracene 27.83 228 229, 226
Benzo(b) fluoranthene 31.45 252 253, 125
Benzo (k) fluoranthene 31.55 252 253, 125
Benzoig,h,i)pery]ene 41.43 276 138, 277
Benzo(a)pyrene 32.80 252 253, 125
. Benzyl alcohol 6.78 108 79, 77
a-BHC - 183 181, 109
f-BHC -- 181 183, 109
6-BHC - , 183 181, 109
7-BHC (Lindane) -- 183 181, 109
Bis(2-chloroethoxy)methane 9.23 93 95, 123
Bis(2-chloroethyl)ether 5.82 93 63, 95
Biséz-chloroisopropy])ether 7.22 45 77, 121
Bis(2-ethylhexyl)phthalate 28.47 149 167, 279
4-Bromophenyl phenyl ether 18.27 248 250, 141
Butyl benzyl phthalate 26.43 149 91, 206
Chlordane -- 373 375, 377
4-Chloroaniline . ° 10.08 127 129
1-Chloronaphthalene 13.653 162 127, 164
2-Chloronaphthalene 13.30 162 127, 164
4-Chloro-3-methylphenol 11.68 107 144, 142
2-Chlorophenol 5.97 128 64, 130
4-Chlorophenyl phenyl ether 16.78 204 206, 141
Chrysene ) 27.97 228 226, 229
Chrysene-dip (I.S.) 27.88 240 120, 236
4,4'-DDD - 235 237, 165
4,4'-DDE - 246 248, 176
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TABLE 1. CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS (Continued)

Retention
Compound Time (min) Primary Ion SecondarylIon(s)
4,4'-DDT - 235 237, 165
Dibenz(a,j)acridine 32.552 279 280, 277
Dibenz(a,h)anthracene 39.82 278 139, 279
Dibenzofuran 15.63 168 139
Di-n-butylphthalate 21.78 149 150, 104
1,3-Dichlorobenzene 6.27 146 148, 111
1,4-Dichlorobenzene 6.40 146 148, 111
1,4-Dichlorobenzene-dg (I S.) 6.35 152 150, 115
1,2-Dichlorobenzene 6.85 146 148, 111
3,3’-Dichlorobenzidine 27.88 252 254, 126
2,4-Dichlorophenol 9.48 162 164, 98
2,6-Dichlorophenol 10.054 162 164, 98
Dieldrin -- 79 263, 279
Diethylphthalate 16.70 149 177, 150
p-Dimethylaminoazobenzene 24.484 120 225, 77
7,12-Dimethylbenz(a)anthracene 29.542 256 241, 257
a-,a-Dimethylphenethylamine 9.51a 58 T 91, 42
2,4-Dimethylphenol 9.03 122 107, 121
Dimethylphthalate 14.48 163 194, 164
4,6-Dinitro-2-methylphenol 17.05 198 51, 105
2,4-Dinitrophenol 15.35 184 63, 154
2,4-Dinitrotoluene 15.80 165 63, 89
2,6-Dinftrotoluene 14.62 165 63, 89
Diphenylamine 17.5438 169 168, 167
1,2-Diphenylhydrazine -- 77 105, 182
Di-n-octylphthalate 30.48 149 167, 43
Endosulfan I -- 195 339, 341
Endosulfan II -- 337 339, 341
Endosulfan sulfate - 272 387, 422
Endrin - . 263 82, 81
Endrin aldehyde -- 67 345, 250
Endrin ketone - 317 67, 319
Ethyl methanesulfonate 5.338 79 109, 97
Fluoranthene 23.33 202 101, 203
Fluorene 16.70 166 165, 167
2-Fluorobiphenyl (surr.) - 172 171
2-Fluorophenol (surr.) -- 112 64
Heptachlor -- : 100 272, 274
Heptachlor epoxide - 353 355, 351
Hexachlorobenzene - 18.65 284 142, 249
Hexachlorobutadiene 10.43 225 223, 227
Hexachlorocyclopentadiene 12.60 237 235, 272
Hexachloroethane 7.65 117 201, 199
Indeno(1,2,3-cd)pyrene 39.52 276 138, 227
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TABLE 1. CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS (Continued)

Retention
Compound Time (min) Primary Ion Secondarylon(s)
Isophorone 8.53 82 95, 138
Methoxychlor - 227 228
3-Methylcholanthrene 31.144 268 253, 267
Methyl methanesulfonate 4,324 80 79, 65
2-Methylnaphthalene 11.87 142 141
2-Methylphenol (o-cresol) 7.22 108 107, 79
4-Methylphenol (p-cresol) 7.60 108 107, 79
Naphthalene 9.82 128 129, 127
Naphthalene-dg (I.S.) 9.75 136 68
1-Naphthylamine 15.804 143 115, 116
2-Naphthylamine 16.002 143 115, 116
2-Nitroaniline 13.75 65 92, 138
3-Nitroaniline 15.02 138 108, 92
4-Nitroaniline 16.90 138 108, 92
Nitrobenzene 7.87 77 123, 65
Nitrobenzene-dg (surr.) -- 82 128, 54
2-Nitrophenol 8.75 139 109, 65
4-Nitrophenol 15.80 139 109, 65
N-Nitroso-di-n-butylamine 10.992 84 57, 41
N-Nitrosodimethylamine - 42 74, 44
N-Nitrosodiphenylamine 17.17 169 168, 167
N-Nitrosodipropylamine 7.55 70 42, 101, 130
N-Nitrosopiperidine -- 42 114, 55
Pentachlorobenzene 15.642 250 252, 248
Pentachloronitrobenzene 19.472 295 237, 142
Pentachlorophenol 19.25 266 264, 268
Perylene-dy> (I.S.) 33.05 264 260, 265
Phenacetin 18.592 108 109, 179
Phenanthrene 19.62 178 179, 176
Phenanthrene-dg (I.S.) 19.55 188 94, 80
Phenol 5.77 94 65, 66
Phenol-dg (surr.) -- 99 42, 71
2-Picoline 3.752 93 66, 92
Pronamide 19.612 173 175, 145
Pyrene 24.02 202 200, 203
Terphenyl-dyg (surr.) -- 244 122, 212
1,2,4,5-Tetrachlorobenzene 13.622 216 214, 218
2,3,4,6-Tetrachlorophenol 16.092 232 230, 131
2,4,6-Tribromophenol (surr.) -- 330 332, 141
1,2,4-Trichlorobenzene 9.67 180 182, 145
2,4,5-Trichlorophenol 13.00 196 198, 200
2,4,6-Trichlorophenol 12.85 196 198, 200
Toxaphene -- 159 231, 233
I.S. = internal standard
surr. = surrogate
dfstimated retention times.
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TABLE 2. PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICS**

Practical Quantitation
Limits*

Ground Water Low Soil/Sedimentl

Semivolatiles CAS Number ug/L ug/Kg
Phenol 108-95-2 10 660
bis(2-Chloroethyl) ether  111-44-4 10 660
2-Chlorophenol 95-57-8 10 660
1,3-Dichlorobenzene 541-73-1 10 660
1,4-Dichlorobenzene 106-46-7 10 660
Benzyl Alcohol 100-51-6 20 1300
1,2-Dichlorobenzene 95-50-1 10 660
2-Methylphenol 95-48-7 10 660
bis(2-Chloroisopropyl)
ether 39638-32-9 10 660
4-Methylphenol 106-44-5 10 660
N-Nitroso-Di-N-propylamine 621-64-7 10 660
Hexachloroethane 67-72-1 10 660
Nitrobenzene 98-95-3 10 660
Isophorone 78-59-1 10 660
: 2-Nitrophenol 88-75-5 10 660
. 2,4-Dimethylphenol 105-67-9 10 660
“) Benzoic Acid 65-85-0 50 3300
bis(2-Chloroethoxy)
methane 111-91-1 10 660
2,4-Dichlorophenol 120-83-2 10 660
1,2,4-Trichlorobenzene 120-82-1 10 660
Naphthalene 91-20-3 10 660
4-Chloroaniline 106-47-8 20 1300
Hexachlorobutadiene 87-68-3 10 660
4-Chloro-3-methylphenol 59-50-7 20 1300
2-Methylnaphthalene 91-57-6 10 660
Hexachlorocyclopentadiene 77-47-4 10 660
2,4,6-Trichlorophenol 88-06-2 10 660
2,4,5-Trichlorophenol 95-95-4 10 660
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TABLE 2. PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICS**

(Continued)

Practica

1 Quantitation
Limits*

Ground Water

Low Soil/Sediment!

Semivolatiles CAS Number ug/L ug/Kg
2-Chloronaphthalene 91-58-7 10 660
2-Nitroaniline 88-74-4 50 3300
Dimethyl phthalate 131-11-3 10 660
Acenaphthylene 208-96-8 10 660
3-Nitroaniline 99-09-2 50 3300
Acenaphthene 83-32-9 10 660 -
2,4-Dinitrophenol 51-28-5 50 3300 N
4-Nitrophenol 100-02-7 50 3300
Dibenzofuran 132-64-9 10 660
2,4-Dinitrotoluene 121-14-2 10 660
2,6-Dinitrotoluene 606-20-2 10 660
Diethylphthalate 84-66-2 10 660
4-Chlorophenyl phenyl

ether 7005-72-3 10 660
Fluorene 86-73-7 10 660
4-Nitroaniline 100-01-6 50 3300
4,6-Dinitro-2-methylphenol  534-52-1 50 3300
N-Nitrosodiphenylamine 86-30-6 10 660
4-Bromophenyl phenyl ether 101-55-3 10 660
Hexachlorobenzene 118-74-1 10 660
Pentachlorophenol 87-86-5 50 3300
Phenanthrene 85-01-8 10 660
Anthracene 120-12-7 10 660
Di-n-butylphthalate 84-74-2 10 660
Fluoranthene 206-44-0 10 660
Pyrene 129-00-0 10 660
Butyl benzyl phthalate 85-68-7 10 660
3,3'-Dichlorobenzidine 91-94-1 20 1300
Benzo(a)anthracene 56-55-3 10 660
bis(2-ethylhexyl)phthalate. 117-81-7 10 660
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TABLE 2. PRACTICAL QUANTITATION LIMITS (PQL) FOR SEMIVOLATILE ORGANICS**

(Continued)
Practical Quantitation
Limits*
Ground Water Low Soil/Sediment!

Semi-Volatiles CAS Number ug/L ug/Kg
Chrysene 218-01-9 10 660
Di-n-octyl phthalate © 117-84-0 10 660
Benzo(b) fluoranthene 205-99-2 10 660
Benzo(k) fluoranthene 207-08-9 10 660
Benzo(a)pyrene 50-32-8 10 660
Indeno(1,2,3-cd)pyrene 193-39-5 10 660
Dibenz(a,h)anthracene 53-70-3 10 660
Benzo(g,h,i)perylene 191-24-2 10 660

*PQLs listed for soil/sediment are based on wet weight. Normally data is
reported on a dry weight basis, therefore, PQLs will be higher based on the

% moisture in each sample. This is based on a 30-g sample and gel permeation
chromatography cleanup.

**Sample PQLs are highly matrix-dependent. The PQLs 1listed herein are
provided for guidance and may not always be achieveable.

Other Matrices Factorl
Medium-level soil and sludges by sonicator 7.5

Non-water-miscible waste 75

1pqL = [PQL for Ground Water (Table 2)] X [Factor].
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2.0 SUMMARY OF METHOD

2.1 Prior to using this method, the samples should be prepared for
chromatography using the appropriate sample preparation and cleanup methods.
This method describes chromatographic conditions that will allow for the
separation of the compounds in the extract.

3.0 INTERFERENCES

3.1 Raw GC/MS data from all blanks, samples, and spikes must be
evaluated for interferences. Determine if the source of interference is in

the preparation and/or cleanup of the samples and take corrective action to
eliminate the problem.

3.2 Contamination by carryover can occur whenever high-level and low-
level samples are sequentially analyzed. To reduce carryover, the sample
syringe must be rinsed out between samples with solvent. Whenever an
unusually concentrated sample is encountered, it should be followed by the
analysis of solvent to check for cross contamination.

4.0 APPARATUS AND MATERIALS

4.1 Gas chromatograph/mass spectrometer system:

4,1.1 Gas cﬁfdmatograph£ An analytical system complete with a
temperature-programmable gas chromatograph suitable for splitless
injection and all required accessories, including syringes, analytical

columns, and gases. The capillary column should be directly coupled to
the source.

4.1.2 Column: 30-m x 0.25-mm I.D. (or 0.32-mm I.D.) 1-um film
thickness silicon-coated fused-silica capillary column (J&W Scientific
DB-5 or equivalent).

4.1.3 Mass spectrometer: Capable of scanning from 35 to 500 amu
every 1 sec or 1less, using 70 volts (nominal) electron energy in the
electron impact ionization mode. The mass spectrometer must be capable
of producing a mass spectrum for decafluorotriphenyliphosphine (DFTPP)
which meets all of the criteria in Table 3 when 1 uL of the GC/MS tuning
standard is injected through the GC (50 ng of DFTPP).

4.1.4 GC/MS interface: Any GC-to-MS interface that gives
acceptable calibration points at 50 ng per injection for each compound of
interest and achieves-acceptable tuning performance criteria may be used.

4.1.5 Data system: A computer system must be interfaced to the
mass spectrometer. The system must allow the continuous acquisition and
storage on machine-readable media of all mass spectra obtained throughout
the duration of the chromatographic program. The computer must have
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TABLE 3. DFTPP KEY IONS AND ION ABUNDANCE CRITERIAQ

Mass Ion Abundance Criteria
51 30-60% of mass 198
68 2% of mass 69
70 {2% of mass 69
127 f 40-60% of mass 198
197 o {1% of mass 198
198 Base peak, 100% relative abundance
199 5-9% of mass 198
275 10-30% of mass 198
365 >1% of mass 198
441 Present but less than mass 443
442 >40% of mass 198
443 17-23% of mass 442

3J.W. Eichelberger, L.E. Harris, and W.L. Budde. "Reference Compound to
Calibrate Ion Abundance Measurement 1in Gas Chromatography-Mass Spectrometry”®,
Analytical Chemistry, 47, 995 (1975).
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software that can search any GC/MS data file for ions of a specific mass
and that can plot such ion abundances versus time or scan number. This
type of plot is defined as an Extracted Ion Current Profile (EICP).
Software must also be available that allows integrating the abundances in
any EICP between specified time or scan-number limits. The most recent
version of the EPA/NIH Mass Spectral Library should also be available.

4.2 Syringe: 10-ul.

5.0 REAGENTS

5.1 Stock standard solutions (1.00 ug/ul): Standard solutions can be
prepared from pure standard materials or purchased as certified solutions.

5.1.1 Prepare stock standard solutions by accurately weighing about
0.0100 g of pure material. Dissolve the material in pesticide quality
acetone or other suitable solvent and dilute to volume in a 10-mL
volumetric flask. Larger volumes can be used at the convenience of the
analyst. When compound purity is assayed to be 96% or greater, the
weight may be used without correction to calculate the concentration of
the stock standard. Commercially prepared stock standards may be used at

any concentration if they are certified by the manufacturer or by an
independent source.

5.1.2 Transfer the stock ‘standard solutions into Teflon-sealed
screw-cap bottles. Store at 4°C and protect from light. Stock standard
solutions should be' checked frequently for signs of degradation or

evaporation, especially Jjust prior to preparing calibration standards
from them.

5.1.3 Stock standard solutions must be replaced after 1 yr or

sooner if comparison with quality control check samples indicates a
problem.

5.2 Internal standard solutions: The internal standards recommended are
1,4-dichlorobenzene-d4, naphthalene-dg, acenaphthene-djg, phenanthrene-dyq,
chrysene-dy2, and perylene-dia. Other compounds may be used as internal
standards as long as the requirements given in Paragraph 7.3.2 are met.
Dissolve 200 mg of each compound with a small volume of carbon disulfide.
Transfer to a 50-mL volumetric flask and dilute to volume with methylene
chloride so that the final solvent 1{s approximately 20% carbon disulfide.
Most of the compounds are also soluble in smali volumes of methanol, acetone,
or toluene, except for perylene-djs. The resulting solution will contain each
standard at a concentration of 4,000 ng/ul. Each 1-mL sample extract
undergoing analysis should be spiked with 10 ul of the internal standard

solution, resulting in a concentration of 40 ng/uL of each internal standard.
Store at 4°C or less when not being used.

5.3 GC/MS tuning standard: A methylene chloride solution containing
50 ng/uL of decafluorotriphenylphosphine (DFTPP) should be prepared. The
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standard should also contain 50 ng/ulL each of 4,4'-DDT, pentachlorophenol, and
benzidine to verify injection port inertness and GC column performance.
at 4°C or less when not being used.

Store

5.4 Calibration standards: Calibration standards at a minimum of five
concentration levels should be prepared. One of the calibration standards
should be at a concentration near, but above, the method detection limit: the
others should correspond to the range of concentrations found in real samples
but should not exceed the working range of the GC/MS system. Each standard
should contain each analyte for detection by this method (e.g., some or all of
the compounds listed in Table 1 may be included). Each 1-mL aliquot of
calibration standard should be spiked with 10 ulL of the internal standard
solution prior to analysis. " All standards should be stored at -10°C to -20°C
and should be freshly prepared once a year, or sooner if check standards

indicate a problem. The daily calibration standard should be prepared weekly
and stored at 4°C.

5.5 Surrogate standards: The recommended surrogate standards are
phenol-dg, 2-fluorophenol, 2,4,6-tribromophenol, nitrobenzene-ds, 2-fluoro-
biphenyl, and p-terphenyl-djs. See Method 3500 for the instructions on
preparing the surrogate stanéards. Determine what concentration should be in
the blank extracts after all extraction, cleanup, and concentration steps..
Inject this concentration into the GC/MS to determine recovery of surrogate

standards in all blanks, spikes, and sample extracts. Take into account all
dilutions of sample extracts.

5.6 Matrix spike standards: See Method 3500 for instructions on
preparing the matrix spike standard. Determine what concentration should be
in the blank extracts after all extraction, cleanup, and concentration steps.
Inject this concentration into the GC/MS to determine recovery of surrogate

standards in all blanks, spikes, and sample extracts. Take into account all
dilutions of sample extracts.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 See the introductory material to this chapter, Organic Analytes,
Section 4.1. :

7.0 PROCEDURE

7.1 Sample preparation: Samples must be prepared by one of the
following methods prior to GC/MS analysis.

Matrix - Methods
Water 3510, 3520
Soil/sediment 3540, 3550
Waste - 3540, 3550, 3580
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7.1.1 Direct injection: In very 1limited applications direct
injection of the sample into the GC/MS system with a 10 uL syringe may be
appropriate. The detection 1limit {s very high (approximately 10,000
ug/L); therefore, it is only permitted where concentrations in excess of
10,000 ug/L are expected. The system must be calibrated by direct
injection.

7.2 Extract cleanup: Extracts may be cleaned up by any of the following
methods prior to GC/MS analysis.

Compounds Methods

Phenols 3630, 3640, 80402
Phthalate esters 3610, 3620, 3640
Nitrosamines 3610, 3620, 3640
Organochlorine pesticides & PCBs 3620, 3640, 3660

Nitroaromatics and cyclic ketones 3620, 3640
Polynuclear aromatic hydrocarbons 3611, 3630, 3640

Haloethers : 3620, 3640
Chlorinated hydrocarbons 3620, 3640 -
. Organophosphorous pesticides 3620, 3640
Petroleum waste 3611, 3650
A1l priority pollutant base,
neutral, and acids 3640

aMethod 8040 includes a derivatization technique followed by GC/ECD
analysis, if interferences are encountered on GC/FID.

7.3 Initial calibration: The recommended GC/MS operating conditions:

Mass range: 35-500 amu

Scan time: 1 sec/scan

Initial column temperature and hold time: 40°C for 4 min.

Column temperature program: 40-270°C at 10°C/min

Final column temperature hold: 270°C (until benzo[g,h,i]perylene
has eluted)

Injector temperature: 250-300°C

Transfer line temperature: 250-300°C

Source temperature: According to manufacturer's specifications

Injector: Grob-type, splitless

Sample volume:s - 1-2 uL

Carrier gas: Hydrogen at 50 cm/sec or helium at 30 cm/sec.

7.3.1 Each GC/MS system must be hardware-tuned to meet the criteria
in Table 3 for a 50-ng injection of ODFTPP. Analyses should not begin
until all these criteria are met. Background subtraction should be
straightforward and designed only to eliminate column bleed or instrument
background ions. The GC/MS tuning standard should also be used to assess
GC column performance and injection port inertness. Degradation of DDT
to DDE and DDD should not exceed 20%. Benzidine and pentachlorophenol
should be present at their normal responses, and no peak tailing should
be visible. If degradation is excessive and/or poor chromatography is
noted, the injection port may require cleaning. It may also be necessary
to break off the first 6-12 in. of the capillary column.
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7.3.2 The internal standards selected in Paragraph 5.1 should
permit most of the components of interest 1in a chromatogram to have
retention times of 0.80-1.20 relative to one of the internal standards.
Use the base peak ion from the specific internal standard as the primary
jon for quantitation (see Table 1). If interferences are noted, use the
next most intense ijon as the quantitation ion, i.e., for 1,4-
dichlorobenzene-dgq use m/z 152 for quantitation.

7.3.3 Analyze 1 uL of each calibration standard (containing
internal standards) and tabulate the area of the primary characteristic
jon against concentration for each compound (as indicated in Table 1).
Figure 1 shows a chromatogram of a calibration standard containing

base/neutral and acid analytes. Calculate response factors (RFs) for
each compound as follows:

RF = (AxCis)/(AisCx)

" where:
Ay = Area of the characteristic ion for the compound being
measured.
A{s = Area of the characteristic ion for the specific internal
standard.
Cx = Concentration of the compound being measured (ng/uL).
Cis = Concentration of the specific internal standard (ng/ul).

7.3.4 The average RF should be calculated for each compound. The
percent relative standard deviation (%¥RSD =  100[SD/RF]) should also be
calculated for each compound. The %RSD should be less than 30% for each
compound. However, the %RSD for each 1individual Calibration Check
Compound (CCC) (see Table 4) must be less than 30%. The relative
retention times of each compound in each calibration run should agree
within 0.06 relative retention time units. Late-eluting compounds
usually have much better agreement.

7.3.5 A system performance check must be performed to ensure that
minimum average RFs are met before the calibration curve is used. For
semivolatiles, the System Performance Check Compounds (SPCCs) are:
N-nitroso-di-n-propylamine; hexachlorocyclopentadiene; 2,4-dinitrophenol;
and 4-nitrophenol. The minimum acceptable average RF for these compounds
SPCCs is 0.050. These SPCCs typically have very low RFs (0.1-0.2) and
tend to decrease 1in responsé as the chromatographic system begins to
deteriorate or the standard material begins to deteriorate. They are
usually the first to show poor performance. Therefore, they must meet
the minimum requirement when the system is calibrated.
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TABLE 4. CALIBRATION CHECK COMPOUNDS

Base/Neutral Fraction

Acid Fraction

Acenaphthene
1,4-Dichlorobenzene
Hexachlorobutadiene
N-Nitroso-di-n-phenylamine
Di-n-octylphthalate
Fluoranthene
Benzo(a)pyrene

4-Chloro-3-methylphenol
2,4-Dichlorophenol
2-Nitrophenol

Phenol
Pentachlorophenol
2,4,6-Trichlorophenol
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7.4 Daily GC/MS calibration:

7.4.1 Prior to analysis of samples, the GC/MS tuning standard must
be analyzed. A 50-ng injection of ODFTPP must result in a mass spectrum
for DFTPP which meets the criteria given in Table 3. These criteria must
be demonstrated during each 12-hr shift. ‘

7.4.2 A calibration standard(s) at mid-level concentration
containing all semivolatile analytes, including all required surrogates,
must be performed every 12-hr during analysis. Compare the response
factor data from the standards every 12-hr with the average response
factor from the initial calibration for a specific instrument as per the
SPCC (Paragraph 7.4.3) and CCC (Paragraph 7.4.4) criteria.

7.4.3 System Performance Check Compounds (SPCCs): A system
performance check must be made during every 12 hr shift. If the SPCC
criteria are met, a comparison of response factors is made for all
compounds. This is the same check that is applied during the initial
calibration. If the minimum response factors are not met, the system
must be evaluated, and corrective action must be taken before sample
analysis begins. The minimum RF for semivolatile SPCCs is 0.050. Some
possible problems are standard mixture degradation, injection port inlet
contamination, contamination at the front end of the analytical column,
and active sites in the column or chromatographic system. This check
must be met before analysis begins.

7.4.4 Calibration Check Compounds (CCCs): After the system
performance check is met, CCCs listed in Table 4 are used to check the

va}idity of the initial calibration. Calculate the percent difference
using:

Fi - RF.
% Difference = ——— X 100
RF;
where:
RFT = average response factor from initial calibration.
RFc = response factor from current verification check standard.

If the percent difference for any compound is greater than 20, the
laboratory should consider this a warning limit. If the percent
difference for each CCC 1is less than 30%, the initial calibration is
assumed to be valid. -If the criterion is not met (D30% difference) for
any one CCC, corrective action MUST be taken. Problems similar to those
listed under SPCCs could affect this criterion. If no source of the
problem can be determined after corrective action has been taken, a new
five-point calibration MUST be generated. This criterion MUST be met
before sample analysis begins.
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7.4.5 The internal standard responses and retention times in the
calibration check standard must be evaluated immediately after or during
data acquisition. If the vretention time for any internal standard
changes by more than 30 sec from the last check calibration (12 hr), the
chromatographic system must be inspected for malfunctions and corrections
must be made, as required. If the EICP area for any of the internal
standards changes by a factor of two (-50% to +100%) from the last daily
calibration standard check, the mass spectrometer must be inspected for
malfunctions and corrections must be made, as appropriate.

7.5 GC/MS analysis:

7.5.1 1t is highly recommended that the extract be screened on a
GC/FID or GC/PID using the same type of capillary column. This will

minimize contamination of the GC/MS system from unexpectedly high
concentrations of organic compounds.

7.5.2 Spike the 1-mL extract obtained from sample preparation Qﬁth
10 ul of the internal standard solution just prior to analysis.

7.5.3 Analyze the 1-mL extract by GC/MS using a 30-m x 0.25-mm (or
0.32-mm) silicone-coated fused-silica capillary column. The volume to be
injected should ideally contain 100 ng of base/neutral and 200 ng of acid
surrogates (for a 1 ul injection). The recommended GC/MS operating
conditions to be used are specified in Paragraph 7.3.

7.5.4 1If the response for any quantitation ion exceeds the initial
calibration curve range of the GC/MS system, extract dilution must take
place. Additional internal standard must be added to the diluted extract
to maintain the required 40 ng/ulL of each internal standard in the
extracted volume. The diluted extract must be reanalyzed.

7.5.5 Perform all qualitative and quantitative measurements as
described in Paragraph 7.6. Store the extracts at 4°C, protected from
light in screw-cap vials equipped with unpierced Teflon-lined septa.

7.6 Data interpretation:

7.6.1 Qualitative analysis:

7.6.1.1 An analyte (e.g., those listed in Table 1) s
identified by comparison of the sample mass spectrum with the mass
spectrum of a standard of the suspected compound (standard reference

spectrum). Mass spectra for standard reference should be obtained-

on the user's GC/MS within the same 12 hours as the sample analysis.
These standard reference- spectra may be obtained through analysis of
the calibration standards. Two criteria must be satisfied to verify
identification: (1) elution of sample component at the same GC
relative retention time (RRT) as the standard component; and (2)

correspondence of the sample component and the standard component
mass spectrum.
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7.6.1.1.1 The sample component RRT must compare within

+ 0.06 RRT units of the RRT of the standard component. For
reference, the standard must be run within the same 12 hrs as
the samp]e If coelution of interfering components prohibits
accurate assignment of the sample component RRT from the total
ion chromatogram, the RRT should be assigned by using extracted
fon current profiles for ions unique to the component of
interest.

7.6.1.1.2 All ijons present 1in the standard mass spectra
at a relative intensity greater than 10% (most abundant fon in

the spectrum equals 100% must be present in the sample
spectrum.

7.6.1.1.3 The relative intensities of {ons specified in
Paragraph 7.6.1.1.2 must agree within plus or minus 20% between
the standard and sample spectra. (Example: For an fon with an
abundance of 50% in the standard spectra, the corresponding
sample abundance must be between 30 and 70 percent.

7.6.1.2 For samples containing components not associated with
the calibration standards, a 1library search may be made for the
purpose of tentative identification. The necessity to perform this
type of identification will be determined by the type of analyses
being conducted. Computer generated library search routines should
not use normalization routines that would misrepresent the library
or unknown spectra when compared to each other. Only after visual
comparison of sample spectra with the nearest library searches will
the mass spectral interpretation specialist assign a tentative
identification. Guidelines for making tentative identification are:

gl) Relative intensities of major 1ions 1in the reference spectrum

jons D10% of the most abundant ion) should be present in the sample
spectrum,

(2) The relative intensities of the major ions should agree within
+20%. (Example: For an ion with an abundance of 50% in the

standard spectrum, the corresponding sample ion abundance must be
between 30 and 70%).

(3) Molecular ifons present in the reference spectrum should be
present in sample the spectrum.

(4) 1Ions present in the sample spectrum but not in the reference
spectrum should be reviewed for possible background contamination or
presence of coeluting compounds.

(5) Ions present in the reference spectrum but not in the sample
spectrum should be reviewed for possible subtraction from the sample
spectrum because of background contamination or coeluting peaks.

Data system library reduction programs can sometimes create these
discrepancies.
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7.6.2 Quantitative analysis:

7.6.2.1 When a compound has been identified, the quantitation
. of that compound will be based on the integrated abundance from the
EICP of the primary characteristic ion. Quantitation will take

place using the internal standard technique. The internal standard
used shall be the one nearest the retention time of that of a given
analyte (e.g., see Table 5).

7.6.2.2 Calculate the concentration of each identified analyte
in the sample as follows:

Water:
¢ration (ug/U) (A (I (V)
concentration (u = o
9 A RO (V)
where:

Ax = Area of characteristic 1ion for compound being
measured.

I = Amount of internal standard injected (ng).
V¢t = Volume of total extract, taking into account dilutions
(i.e., a 1-to-10 dilution of a 1-mL extract will mean
V¢ = 10,000 ut. If half the base/neutral extract and
. _ half the acid extract are combined, V¢ = 2,000.

Ajs = Area of characteristic fon for the internal standard.

RF = Respo?se factor for compound being measured (Paragraph
7.3.3).

Vo = Volume of water extracted (mL).
Vi = Volume of extract injected (uL).

Sediment/Soil Sludge (on a dry-weight basis) and Waste (normally on
a wet-weight basis:-

(A (1) (vy)
concentration (ug/kg) = [MICHICAICAIO)

where:

Ax, Is, Vt, Ajs, RF, Vi = same as for water.
Ws = weight of sample extracted or diluted in grams.

D = (100 - % moisture in sample)/100, or 1 for a wet-weight
basis.
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TABLE 5.

ASSIGNED FOR QUANTITATION

SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES

1,4-Dichlorobenzene-dg

Aniline

Benzyl alcohol
Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
1,2-Dichlorobenzene

Ethyl methanesulfonate
2-Fluorophenol (surr.)
Hexachloroethane

Methyl methanesulfonate
2-Methylphenol
4-Methylphenol
N-Nitrosodimethylamine
N-Nitroso-di-n-propylamine
Phenol

Phenol-dg (surr.)
2-Picoline

Naphthalene-dg

Acetophenone
Benzoic acid
Bis(2- chloroethoxy)methane
4-Chloroaniline
4-Chloro-3-methylphenol
2,4-Dichlorophenol
2,6-Dichlorophenol
a,a-Dimethyl-
phenethylamine
2,4-Dimethylphenol
Hexachlorobutadiene
Isophorone
2-Methylnaphthalene
Naphthalene
Nitrobenzene
Nitrobenzene-dg (surr.)
2-Nitrophenol
N-Nitroso-di-n-butylamine
N-Nitrosopiperidine
1,2,4-Trichlorobenzene

Acenaphthene-dyq

Acenaphthene
Acenaphthylene
1-Chloronaphthalene
2-Chloronaphthalene
4-Chlorophenyl
phenyl ether
Dibenzofuran
Diethyl phthalate
Dimethyl phthalate
2,4-Dinitrophenol
2,4-Dinitrotoluene
2,6~ Dinitroto]uene
Fluorene
2-Fluorobiphenyl
(surr.)
Hexachlorocyclo-
pentadiene
1-Naphthylamine
2-Naphthylamine
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
4-Nitrophenol
Pentachlorobenzene
1,2,4,5-Tetra-
chlorobenzene
2,3,4,6-Tetra-
chlorophenol
2,4,6-Tribromo-
phenol (surr.)
2,4,6-Trichloro-
phenol
2,4,5-Trichloro-
phenol

(surr.) = surrogate
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TABLE 5.

(Continued)

SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES
ASSIGNED FOR QUANTITATIQN

Phenanthrene-dig

4-Aminobiphenyl

Anthracene

4-Bromophenyl phenyl ether
Di-n-butyl phthalate
4,6-Dinitro-2-methylphenol
Diphenylamine
1,2-Diphenylhydrazine
Fluoranthene
Hexachlorobenzene
N-Nitrosodiphenylamine
Pentachlorophenol
Pentachloronitrobenzene
Phenacetin

Chrysene-djp

Benzidine
Benzo(a)anthracene
Bis(2-ethylhexyl)phthalate
Butylbenzylphthalate
Chrysene
3,3'-Dichlorobenzidine
p-Dimethylaminoazobenzene
Pyrene

Terphenyl-dig (surr.)

Perylene-dq,

Benzo(b) fluor-
anthene
Benzo (k) fluor-
anthene
Benzo(g,h, 1)
perylene
Benzo(a)pyrene
Dibenz(a,j)acridine
Dibenz(a,h)
anthracene
7,12-Dimethylbenz-
(a)anthracene
Di-n-octylphthalate

Phenanthrene Indeno(1,2,3-cd)
Pronamide pyrene
3-Methylchol-
anthrene
(surr.) = surrogate
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7.6.2.3 Where applicable, an estimate of concentration for
noncalibrated components in the sample should be made. The formulas
given above should be wused with the following modifications: The
areas Ay and Ajg should be from the total ion chromatograms and the
RF for the compound should be assumed to be 1. The concentration
obtained should be reported indicating (1) that the value is an
estimate and (2) which internal standard was used to determine

concentration. Use the nearest internal standard free of
interferences.

7.6.2.4 Report results without correction for recovery data.
When duplicates and spiked samples are analyzed, report all data
obtained with the sample results.

7.6.2.5 Quantitation of multicomponent compounds (e.g.,
Aroclors) is beyond the scope of Method 8270. Normally,
quantitation is performed using a GC/ECD by Method 8080.

8.0 QUALITY CONTROL

8.1 Each laboratory that uses these methods 1is required to operate a
formal quality control program. The minimum requirements of this program
consist of an initial demonstration of laboratory capability and an ongoing
analysis of spiked samples to evaluate and document quality data. The labor-
atory must maintain records to document the quality of the data generated.
Ongoing data quality checks are compared with established performance criteria
to determine if the results of analyses meet the performance characteristics
of the method. When results of sample spikes indicate atypical method
performance, a quality control check standard must be analyzed to confirm that
the measurements were performed in an in-control mode of operation.

8.2 Before processing any samples, the analyst should demonstrate,
through the analysis of a reagent water blank, that interferences from the
analytical system, glassware, and reagents are under control. Each time a set
of samples is extracted or there 1is a change in reagents, a reagent water
blank should be processed as a safequard against chronic laboratory
contamination. The blank samples should be carried through all stages of the
sample preparation and measurement steps.

8.3 The experience of the analyst performing GC/MS analyses is
invaluable to the success of the methods. Each day that analysis is
performed, the daily calibration standard should be evaluated to determine if
the chromatographic system is operating properly. Questions that should be
asked are: Do the peaks look normal?; Is the response obtained comparable to
the response from previous calibrations? Careful examination of the standard
chromatogram can indicate whether the column 1is still good, the injector is
leaking, the injector septum needs replacing, etc. If any changes are made to
the system (e.g, column changed), recalibration of the system must take place.
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8.4 Required instrument QC is found in the following sections:

8.4.1 The GC/MS system must be tuned to meet the DFTPP
. specifications in Section 7.3.1 and 7.4.1.

8.4.2 There must be an initial calibration of the GC/MS system as
specified in 7.3.

8.4.3 The GC/MS system must meet the SPCC criteria specified in
7.4.3 and the CCC criteria in 7.4.4, each 12 hr.

8.5 To establish the ability to generate acceptable accuracy and
precision, the analyst must perform the following operations.

8.5.1 A quality (QC) «check sample concentrate 1is required"
containing each analyte at a concentration of 100 ug/mL in acetone. The
QC check sample concentrate may be prepared from pure standard materials
or purchased as certified solutions. If prepared by the laboratory, the
QC check sample concentrate must be made using stock standards prepared
independently from those used for calibration.

8.5.2 Using a pipet, prepare QC check samples at a cqncentration of
100 ug/L by adding 1.00 mL of QC check sample concentrate to each of four
1-L aliquots of reagent water.

8.5.3 Analyze the well-mixed QC check samples according to the
method beginning in Section 7.1 with extraction of the samples.

.‘ 8.5.4 Calculate the average recovery (X) 1in ug/L, and the standard
deviation of the recovery (s) in ug/L, for each analyte of interest using
.) the four results.

8.5.5 For each analyte compare s and X with the corresponding
acceptance criteria for precision and accuracy, respectively, found in
Table 6. If s and X for all analytes meet the acceptance criteria, the
system performance 1is acceptable and analysis of actual samples can
begin. If any individual s exceeds the precision limit or any individual
X falls outside the range for accuracy, then the system performance is
unacceptable for that analyte.

NOTE: The large number of analytes in Table 6 present a substantial

probability that one or more will fail at least one of the

acceptance criteria when all analytes of a given method are
analyzed.

8.5.6 When one or_more of the analytes tested fail at least one of

the acceptance criteria, the analyst must proceed according to Section
8.5.6.1 or 8.5.6.2.

8.5.6.1 Llocate and correct the source of the problem and

repeat the test for all analytes of interest beginning with Section
8.5.2.
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TABLE 6. QC ACCEPTANCE CRITERIAQ

Test Limit Range Range
conc. for s for X P, Ps
Parameter (ug/L) (ug/L) (ug/L) (%)

Acenaphthene 100 27.6 60.1-132.3 47-145
Acenaphthylene 100 40.2 53.5-126.0 33-145
Aldrin 100 39.0 7.2-152.2 D-166
Anthracene 100 32.0 43.4-118.0 27.133
Benzo(a)anthracene 100 27.6 41.8-133.0 33-143
Benzo(b) fluoranthene 100 38.8 42.0-140.4 24-159
Benzo(k) fluoranthene 100 32.3 25.2-145.7 11-162
Benzo(a)pyrene 100 39.0 31.7-148.0 17-163
Benzo(ghi{perylene 100 58.9 D-195.0 D-219
Benzyl butyl phthalate 100 23.4 D-139.9 D-152
p-BHC 100 31.5 41.5-130.6 24-149
§-BHC 100 21.6 D-100.0 D-110
Bis(2-chloroethyl)ether 100 55.0 42.9-126.0 12-158
Bis(2-chloroethoxy)methane 100 34.5 49.2-164.7 33-184
Bis(2-chloroisopropyl)ether 100 46.3 62.8-138.6 36-166
Bis(2-ethylhexyl)phthalate 100 41.1 28.9-136.8 8-158
4-Bromophenyl phenyl ether 100 23.0 64.9-114.4 53-127
2-Chloronaphthalene 100 13.0 64.5-113.5 60-118
4-Chlorophenyl phenyl ether 100 33.4 °  38.4-144.7 25-158
Chrysene ) 100 48.3 44,1-139.9 17-168
"4,4'-DDD 100 31.0 D-134.5 D-145
4,4'-DDE 100 32.0 19.2-119.7 4-136
4,4'-DDT 100 61.6 D-170.6 D-203
Dibenzo(a,h)anthracene 100 70.0 D-199.7 D-227
Di-n-butyl phthalate 100 16.7 8.4-111.0 1-118
1,2-Dichlorobenzene 100 30.9 48.6-112.0 32-129
1,3-Dichlorobenzene 100 41.7 16.7-153.9 D-172
1,4-Dichlorobenzene 100 32.1 37.3-105.7 20-124
3,3'-Dichlorobenzidine 100 71.4 8.2-212.5 D-262
Dieldrin 100 30.7 44.3-119.3 29-136
Diethyl phthalate 100 26.5 D-100.0 D-114
Dimethyl phthalate 100 23.2 D-100.0 D-112
2,4-Dinitrotoluene.. - 100 ©21.8 47.5-126.9 39-139
2,6-Dinitrotoluene 100 29.6 68.1-136.7 50-158
Di-n-octylphthalate 100 31.4 18.6-131.8 4-146
Endosulfan sulfate 100 16.7 D-103.5 D-107
Endrin aldehyde 100 32.5 D-188.8 D-209
Fluoranthene 100 32.8 42.9-121.3 26-137
Fluorene 100 20.7 71.6-108.4 59-121
Heptachlor 100 37.2 D-172.2 D-192
Heptachlor epoxide 100 54.7 - 70.9-109.4 26.155
Hexachlorobenzene 100 24.9 7.8-141.5 D-152
Hexachlorobutadiene 100 26.3 37.8-102.2 24-116
Hexachloroethane 100 24.5 55.2-100.0 40-113
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TABLE 6. QC ACCEPTANCE CRITERIA2 - Continued

Test Limit Range Range
conc. for s for X P, Ds
Parameter (ug/L) (ug/L) (ug/L) (%)
Indeno(1,2,3~-cd)pyrene 100 44 .6 D-150.9 D-171
Isophorone 100 63.3 46.6-180.2 21-196
Naphthalene 100 30.1 35.6-119.6 21-133
Nitrobenzene 100 39.3 54.3-157.6 35-180
N-Nitrosodi-n-propylamine 100 55.4 13.6-197.9 D-230
PCB-1260 100 54.2 16.3-121.0 D-164
Phenanthrene 100 20.6 65.2-108.7 54-120
Pyrene 100 25.2 69.6-100.0 52-115
1,2,4-Trichlorobenzene 100 28.1 57.3-129.2 44-142
4-Chloro-3-methylphenol 100 37.2 40.8-127.9 22-147
2-Chlorophenol 100 28.7 36.2-120.4 23-134
2,4-Chlorophenol 100 26.4 52.5-121.7 39-135
2,4-Dimethylphenol 100 26.1 41.8-109.0 32-119
2,4-Dinitrophenol 100 49.8 D-172.9 D-191
2-Methyl-4,6-dinitrophenol 100 93.2 53.0-100.0 D-181
2-Nitrophenol 100 35.2 45.0-166.7 29-182
4-Nitrophenol 100 47.2 13.0-106.5 D-132
Pentachlorophenol 100 48.9 38.1-151.8 14-176
Phenol 100 22.6 16.6-100.0 5-112
2,4,6-Trichlorophenol 100 31.7 52.4-129.2 37-144

S

X

P, Ps = Percent recovery measured.

D = Detected; result must be greater than zero.

aCriteria from 40 CFR Part 136 for Method 625.

to concentrations below those used to develop Table 7.

8270 — 25

Standard deviation of four recovery measurements, in ug/L.

Average recovery for four recovery measurements, in ug/L.
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8.5.6.2 Beginning with Section 8.5.2, repeat the test only for
those analytes that failed to meet criteria. Repeated failure,
however, will confirm a general problem with the measurement system.
If this occurs, locate and correct the source of the problem and

repeat the test for all compounds of interest beginning with Section
8.5.2.

8.6 The laboratory must, on an ongoing basis, analyze a reagent blank, a
matrix spike, and a matrix spike duplicate/duplicate for each analytical batch
(up to a maximum of 20 samples/batch) to assess accuracy. For laboratories
analyzing one to ten samples per month, at least one spiked sample per month
is required.

8.6.1 The concentration of  the spike in the sample should be
determined as follows:

8.6.1.1 If, as in compliance monitoring, the concentration of
a specific analyte in the sample 1{s being checked against a
regulatory concentration limit, the spike should be at that 1imit or
1 to 5 times higher than the background concentration determined in
Section 8.6.2, whichever concentration would be larger.

8.6.1.2 If the concentration of a specific analyte in the
sample 1s not being checked against a 1limit specific to that
~analyte, the spike should be at 100 ug/L or 1 to 5 times higher than
the background concentration determined in Section 8.6.2, whichever
concentration would be larger.

8.6.1.3 If it is 1impractical to determine background levels
before spiking (e.g., maximum holding times will be exceeded), the
spike concentration should be at (1) the regulatory concentration
limit, 1f any; or, if none (2) the larger of efther 5 times higher
than the expected background concentration or 100 ug/L.

8.6.2 Analyze one sample aliquot to determine the background
concentration (B) of each analyte. If necessary, prepare a new QC check
sample concentrate (Section 8.5.1) appropriate for the background
concentration in the sample. Spike a second sample aliquot with 1.00 mbL
of the QC check sample concentrate and analyze it to determine the
concentration after spiking (A) of each analyte. Calculate each percent

recgvery (p) as 100(A-B)%/T, where T {s the known true value of the
spike.

8.6.3 Compare the percent recovery (p) for each analyte with the
corresponding QC acceptance criteria found in Table 6. These acceptance
criteria were calculated to include an allowance for error in measurement
of both the background and spike concentrations, assuming a spike to
background ratio of 5:1. This error will be accounted for to the extent
that the analyst's spike to background ratio approaches 5:1. If spiking
was performed at a concentration lower than 100 ug/L, the analyst must
use either the QC acceptance «criteria presented in Table 6, or optional
QC acceptance criteria calculated for the specific spike concentration.
To calculate optional acceptance criteria for the recovery of an analyte:
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(1) Calculate accuracy (x') wusing the equation found in Table 7,
substituting the spike concentration (T) for C; (2) calculate overall
precision (S') using the equation in Table 7, substituting x' for X; (3)
calculate the range for recovery at the spike concentration as (100x'/T)
+ 2.44(100S'/7)%.

8.6.4 If any individual p falls outside the designated range for
recovery, that analyte has failed the acceptance criteria. A check
standard containing each analyte that failed the criteria must be
analyzed as described in Section 8.7.

8.7 If any analyte fails the acceptance criteria for recovery in Section
8.6, a QC check standard containing each analyte that failed must be prepared
and analyzed.

NOTE: The frequency for the required analysis of a QC check standard

will depend upon the number of analytes being simultaneously tested, the

complexity of the sample matrix, and the performance of the laboratory.

If the entire list of analytes in Table 6 must be measured in the sample

in Section 8.6, the probability that the analysis of a QC check standard

will be required is high. In this case the QC check standard should be
routinely analyzed with the spiked sample.

8.7.1 Prepare the QC check standard by adding 1.0 mL of the QC
check sample concentrate (Section 8.5.1 or 8.6.2) to 1 L of reagent

water. The QC check standard needs only to contain the analytes that
failed criteria in the test in Section 8.6.

8.7.2 Analyzed the QC check standard to determine the concentration
measured (A) of each analyte. Calculate each percent recovery (pg) as
100 (A/T)%, where T is the true value of the standard concentration.

8.7.3 Compare the percent recovery (ps) for each analyte with the
corresponding QC acceptance criteria found in Table 6. Only analytes
that failed the test in Section 8.6 need to be compared with these
criteria. If the recovery of any such analyte falls outside the
designated range, the laboratory performance for that analyte is judged
to be out of control, and the problem must be immediately identified and
corrected. The analytical result for that analyte in the unspiked sample
is suspect and may not be reported for regulatory compliance purposes.

8.8 As part of the QC program for the laboratory, method accuracy for
each matrix studied must be assessed and records must be maintained. After
the analysis of five spiked samples (of the same matrix) as in Section 8.6,
calculate the average percent recovery (P) and the standard deviation of the
percent recovery (sp). Express the accuracy assessment as a percent recovery
interval from p - 2sp to p + 2sp. If p = 90% and sp = 10%, for example, the

accuracy interval is expressed as 70-110%. Update the accuracy assessment for

each analyte on a reqular basis (e.g. after each five to ten new accuracy
measurements).

8.9 To determine acceptable accuracy and precision limits for surrogate
standards the following procedure should be performed.
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TABLE 7.

METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATIONG

Accuracy, as Single analyst Overall
recovery, Xx' precision, Sy’ precision,
Parameter (ug/L) (ug/L) S* (ug/L)
Acenaphthene 0.96C+0.19 0.15%-0.12 0.21%X-0.67
Acenaphthylene 0.89C+0.74 0.24%X-1.06 0.26X-0.54
Aldrin 0.78C+1.66 0.27%X-1.28 0.43%X+1.13
Anthracene 0.80C+0.68 0.21%X-0.32 0.27X-0.64
Benzo(a)anthracene 0.88C-0.60 0.15%+0.93 0.26%X-0.21
Chloroethane 0.99C-1.53 0.14%X-0.13 0.17%X-0.28
Benzo(b) fluoranthene 0.93C-1.80 0.22%+0.43 0.29%+0.96
Benzo(k) fluoranthene 0.87C-1.56 0.19%+1.03 0.35%+0.40
Benzo(a)pyrene 0.90C-0.13 0.22%X+0.48 0.32%X+1.35
Benzo(ghi)perylene 0.98C-0.86 0.29%+2.40 0.51%X-0.44
Benzyl butyl phthalate 0.66C-1.68 0.18X+0.94 0.53%X+0.92
p-BHC 0.87C-0.94 0.20%X-0.58 0.30%+1.94
6-BHC 0.29C-1.09 0.34%X+0.86 0.93%X-0.17
Bis(2-chloroethyl)ether 0.86C~1.54 0.35%X-0.99 0.35%+0.10
Bis(2-chloroethoxy)methane 1.12C-5.04 0.16%+1.34 0.26%X+2.01
Bis(2-chloroisopropyl)ether 1.03C-2.31 0.24%+0.28 0.25%+1.04
Bis(2-ethylhexyl)phthalate 0.84C-1.18 0.26%+0.73 0.36X+0.67
4-Bromophenyl phenyl ether 0.91C-1.34 0.13%X+0.66 0.16%X+0.66
2-Chloronaphthalene 0.89C+0.01 0.07%X+0.52 0.13%X+0.34
4-Chlorophenyl phenyl ether 0.91C+0.53 0.20%X-0.94 0.30%X-0.46
Chrysene 0.93C~1.00 0.28%+0.13 0.33%X-0.09
4,4'-DDD 0.56C-0.40 0.29%-0.32 0.66X-0.96
4.4'-DDE 0.70C-0.54 0.26%-1.17 0.39%-1.04
4,4'-DDT 0.79C-3.28 0.42%+0.19 0.65%X-0.58
Dibenzo(a,h)anthracene 0.88C+4.72 0.30%X+8.51 0.59%+0.25
Di-n-butyl phthalate 0.59C+0.71 0.13%X+1.16 0.39%+0.60
1,2-Dichlorobenzene 0.80C+0.28 0.20%X+0.47 0.24%+0.39
1,3-Dichlorobenzene 0.86C-0.70 0.25%+0.68 0.41%+0.11
1,4-Dichlorobenzene 0.73C-1.47 0.24%+0.23 0.29%+0.36
3,3'-Dichlorobenzidine 1.23C-12.65 0.28%+7.33 0.47%+3.45
Dieldrin 0.82C-0.16 0.20%-0.16 0.26%X-0.07
Diethyl phthalate 0.43C+1.00 0.28%+1.44 0.52%+0.22
Dimethyl phthalate 0.20C+1.03 0.54%+0.19 1.05%-0.92
2,4-Dinitrotoluene 0.92C-4.81 0.12%+1.06 0.21X+1.50
2,6-Dinitrotoluene 1.06C-3.60 0.14%X+1.26 0.19%+0.35
Di-n-octylphthalate 0.76C~0.79 0.21%X+1.19 0.37%X+1.19
Endosulfan sulfate 0.39C+0.41 0.12%+2.47 0.63%X-1.03
Endrin aldehyde 0.76C-3.86 0.18%+3.91 0.73%-0.62
Fluoranthene 0.81C+1.10 0.22%-0.73 0.28X-0.60
Fluorene 0.90C-0.00 0.12%X+0.26 0.13%+0.61
Heptachlor 0.87C-2.97 0.24%-0.56 0.50%X-0.23
Heptachlor epoxide 0.92C-1.87 0.33X-0.46 0.28%+0.64
Hexachlorobenzene 0.74C+0.66 0.18%-0.10 0.43%X-0.52
Hexachlorobutadiene 0.71C-1.01 0.19%+0.92 0.26%X+0.49
Hexachloroethane 0.73C-0.83 0.17%X+0.67 0.17%X+0.80
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TABLE 7. METHOD ACCURACY AND PRECISION AS FUNCTIONS OF CONCENTRATION2 -

Continued
Accuracy, as Single analyst Overall
recovery, x' precision, Sy' precision,
Parameter (ug/L) (ug/L) S' (ug/L)
 Indeno(1,2,3-cd)pyrene 0.78C-3.10 0.29%X+1.46 0.50%X-0.44
Isophorone 1.12C+1.41 0.27%X+0.77 0.33%X+0.26
Naphthalene 0.76C+1.58 0.21%-0.41 0.30%X-0.68
Nitrobenzene 1.09C-3.05 0.19%X+0.92 0.27%+0.21
N-Nitrosodi-n-propylamine 1.12C-6.22 0.27%+0.68 0.44%+0.47
PCB-1260 0.81C-10.86 0.35%+3.61 0.43X+1.82
Phenanthrene 0.87C+0.06 0.12%+0.57 0.15%+0.25
Pyrene 0.84C-0.16 0.16X+0.06 0.15%+0.31
1,2,4-Trichlorobenzene 0.94C-0.79 0.15%+0.85 0.21X+0.39
4-Chloro-3-methylphenol 0.84C+0.35 0.23%X+0.75 0.29%+1.31
2-Chlorophenol 0.78C+0.29 0.18%+1.46 0.28%+0.97
2,4-Dichlorophenol 0.87C-0.13 0.15%+1.25 0.21%+1.28
2,4-Dimethylphenol 0.71C+4.41 0.16%X+1.21 0.22%+1.31
2,4-Dinitrophenol 0.81C-18.04 0.38%X+2.36 0.42%X+26.29
2-Methyl-4,6-dinitrophenol 1.04C-28.04 0.10X+42.29 0.26%X+23.10
2-Nitrophenol 0.07C-1.15 0.16X+1.94 0.27%+2.60
4-Nitrophenol 0.61C-1.22 0.38%+2.57 0.44%X+3.24
Pentachlorophenol 0.93C+1.99 0.24X+3.03 0.30%X+4.33
Phenol 0.43C+1.26 0.26%X+0,73 0.35%+0.58
2,4,6-Trichlorophenol 0.91C-0.18 0.16X+2.22 0.22%+1.81
X' = Expected recovery for one or more measurements of a sample

containing a concentration of C, in ug/L.

sy' = Expected single analyst standard deviation of measurements at an
average concentration of X, in ug/L.

S' = Expected interlaboratory standard deviation of measurements at an
average concentration found of X, in ug/L.

= True value for the concentration, in ug/L.

X = Average réébvery found for measurements of samples containing a
concentration of C, in ug/L.
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8.9.1 For each sample analyzed, calculate the percent recovery of
each surrogate in the sample.

8.9.2 Once a minimum of thirty samples of the same matrix have been
analyzed, calculate the average percent recovery (P) and standard
deviation of the percent recovery (s) for each of the surrogates.

8.9.3 For a given matrix, calculate the upper and lower control
limit for method performance for each surrogate standard. This should be
done as follows:

Upper Control Limit (UCL)
Lower Control Limit (LCL)

p + 3s
p - 3s

8.9.4 For aqueous and soil matrices, these laboratory established
surrogate control limits should, if applicable, be compared with the
control limits listed in Table 8. The limits given in Table 8 are multi-
laboratory performance based limits for soil and aqueous samples, and
therefore, the single-laboratory 1limits established in Paragraph 8.9.3
must fall within those given in Table 8 for these matrices.

. 8.9.5 If recovery is not within 1limits, the following procedures
.are required.

< Check to be sure there are no errors 1in calculations,
surrogate solutions and internal standards. Also, check
instrument performance.

+ Recalculate the data and/or reanalyze the extract if any of
the above checks reveal a problem.

+ Reextract and reanalyze the sample if none of the above are
a problem or flag the data as “estimated concentration."”

8.9.6 At a minimum, each laboratory should update surrogate
recovery limits on a matrix-by-matrix basis, annually.

8.10 It is recommended that the 1laboratory adopt additional quality
assurance practices for use with this method. The specific practices that are
most productive depend upon the needs of the laboratory and the nature of the
samples. Field duplicates may be analyzed to assess the precision of the
environmental measurements. When doubt exists over the identification of a
peak on the chromatogram, confirmatory techniques such as gas chromatography
with a dissimilar column, specific element detector, or mass spectrometer must
be used. Whenever possible, the laboratory should analyze standard reference
materials and participate in relevant performance evaluation studies.
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TABLE 8. SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES

Low/Medium Low/Medium
Surrogate Compound Water Soil/Sediment
Nitrobenzene-dg 35-114 23-120
2-Fluorobiphenyl 43-116 30-115
p—Terphenyl—d14 33-141 18-137
Phenol-dg 10-94 24-113
2-Fluorophenol 21-100 25-121
2,4,6-Tribromophenol 10-123 19-122
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9.0 METHOD PERFORMANCE

9.1 Method 8250 was tested by 15 laboratories using reagent water,
drinking water, surface water, and industrial wastewaters spiked at six
concentrations over the range 5-1,300 ug/L. Single operator accuracy and
precision, and method accuracy were found to be directly related to the
concentration of the analyte and essentially independent of the sample matrix.
Linear equations to describe these relationships are presented in Table 7.

10.0 REFERENCES

1. U.S. EPA 40 CFR Part 136, "Guidelines Establishing Test Procedures for the

Analysis of Pollutants Under the Clean Water Act, Method 625," October 26,
1984.

2. U.S. EPA Contract Laboratory Program, Statement of Work for Organic
Analysis, July 1985, Revision.

3. Provost, L.P, and R.S. Elder, “Interpretation of Percent Recovery Data,*
American Laboratory, 15, 58-63, 1983.

4. Eichelberger, J.W., L.E. Harris, and W.L. Budde, “Reference Compound to
Calibrate Ion Abundance Measurement in Gas Chromatography-Mass Spectrometry
Systems,* Analytical Chemistry, 47, 995-1000, 1975.

5. “Mefhod Detection Limit for Methods 624 and 625,* Olynyk, P., W.L. Budde,
and J.W. Eichelberger, Unpublished report, October 1980.

6. “Interlaboratory Method Study for EPA Method 625-Base/Neutrals, Acids, and
Pesticides," Final Report for EPA Contract 68-03-3102 (in preparation).

7. Burke, J.A. “Gas Chromatography for Pesticide Residue Analysis; Some

Practical Aspects," Journal of the Association of Official Analytical
Chemists, 48, 1037, 1965.
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METHOD 8270

GAS CHROMATOGRAPHY/HMASS SPECTAONETAY FOR SEMIVOLATILE ORGANICS
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METHOD 8270

GAS CHAOMATOGRAPHY/MASS SPECTRAOMETRY FOR SEMIVOLATILE ORGANICS:
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METHOD 9045

SOTL pH

1.0 SCOPE AND APPLICATION

T 1.1 Method 9045 is an electrometric procedure which has been approved
for measuring pH in calcareous and noncalcareous soils.

2.0 SUMMARY OF METHOD

2.1 The soil sample is mixed either with Type II water or with a calcium
chloride solution (see Section 5.0), depending on whether the soil is
considered calcareous or noncalcareous. The pH of the solution is then
measured with a pH meter.

3.0 . INTERFERENCES

3.1 Samples with very low or very high pH may give incorrect readings on
the meter. For samples with a true pH of D10, the measured pH may be
incorrectly low. This error can be minimized by using a low-sodium-error
electrode. Strong acid solutions, with a true pH of {1, may give incorrectly
high pH measurements.

3.2 Temperafure fluctuations will cause measurement errors.

3.3 Errors will occur when the electrodes become coated. If an
electrode becomes coated with an oily material that will not rinse free, the
electrode can efther (1) be cleaned with an ultrasonic bath, or (2) be washed
with detergent, rinsed several times with water, placed in 1:10 HCl so that

the lower third of the electrode is submerged, and then thoroughly rinsed with
water.

4.0 APPARATUS AND MATERIALS
4.1 pH Meter with means for temperature compensation.
4;2 Electrodes:
4.2.1 Calomel electrode.

4.2.2 Glass electrode.

4.2.3 A combination electrode can be employed instead of calomel or
glass.

4.5 Beaker: 50-mL.-
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4.6 Volumetric flask: 2-Liter.

4.7 Volumetric flask: 1-Liter.

5.0 REAGENTS

- 5.1 ASTM Type Il water (ASTH D1193): Water should be monitored for
impurities.

5.2 Primary standard buffer salts are available from the National Bureau
of Standards (NBS) and should be used in situations where extreme accuracy is
necessary. Preparation of. reference solutions from these salts requires some
special precautions and handling, such as Jlow-conductivity dilution water,

drying ovens, and carbon-dioxide-free purge gas. These solutions should be
replaced at least once each month.

5.3 Secondary standard buffers may be prepared from NBS salts or
purchased as solutions from commercial vendors. These commercially available

solutions, which have been validated by comparison with NBS standards, are
recommended for routine use.

5.4 Stock calcium chloride solution (CaClp), 3.6 M: Dissolve 1059 g of
CaCl,-2H,0 in Type II water in a 2-liter volumetric flask. Cool the solution,
dilute it to volume with Type II water, and mix it well. Dilute 20 mL of this
solution to 1 liter with Type II water in a volumetric flask and standardize
it by titrating a 25-mL aliquot of the diluted solution with standard 0.1 N
AgNO3, using 1 mL of 5% KoCrO4 as the indicator,

5.5 Calcium chloride (CaCly), 0.01 M: Dilute 50 mL of stock 3.6 M CaCl;p
to 18 liters with Type II water. If the pH of this solution is not between 5
and 6.5, adjust the pH by adding a little Ca{OH)2 or HCl. As a check on the
preparation of this solution, measure its electrical conductivity. The speci-
fic conductivity should be 2.32 + 0.08 mmho per cm at 25°C.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

‘6.2 Samples should be analyzed as soon as possible.

7.0 PROCEDURE
7.1 Calibration:

7.1.1 Because of the wide variety of pH meters and accessories,
detailed operating procedures cannot be incorporated into this method.
Each analyst must be acquainted with the operation of each system and
familiar with all instrument functions. Special attention to care of the
electrodes is recommended.
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7.1.2 Each instrument/electrode system must be calibrated at a
minimum of two points that bracket the expected pH of the samples and are
approximately three pH units or more apart. Repeat adjustments on
successive portions of the two buffer solutions until readings are within
0.05 pH units of the buffer solution value.

7.2 Sample preparation and pH measurement of noncalcareous soils:

7.2.1 To 20 g of soil in a 50-mL beaker, add 20 mL of Type II water
and stir the suspension several times during the next 30 min.

7.2.2 Let the soil suspension stand for about 1 hr to allow most of
the suspended clay to settle out from the suspension.

7.2.3 Adjust the electrodes in the clamps of the electrode holder
so that, upon lowering the electrodes into the beaker, the glass
electrode will be immersed just deep enough into the clear supernatant
solution to establish a good electrical contact through the ground-giass
Joint or the fiber-capillary hole. Insert the electrodes into the sample

solution in this manner. For combination electrodes, immerse just below
the suspension.

7.2.4 If the sample temperature differs by more than 2°C from the
buffer solution, the measured pH values must be corrected.

7.2.5 Report the results as "soil pH measured in water."”

7.3 Sample preparation and pH measurement of calcareous soils:

7.3.1 To 10 g of soil in a 50-mL beaker, add 20 mL of 0.01 M CaCl,

(Step 5.5) solution and stir the suspension several times during the next
30 min. ’

7.3.2 Let the soil suspension stand for about 30 min to allow most
of the suspended clay to settle out from the suspension.

7.3.3 Adjust the electrodes in the clamps of the electrode holider
so that, upon lowering the electrodes into the beaker, the glass
electrode will be immersed well 1into the partly settled suspension and
the calomel electrode will be immersed just deep enough into the clear
supernatant solution to establish a good electrical contact through the
ground-glass joint or the fiber-capillary hole. Insert the electrode
into the sample solution in this manner.

7.3.4 If the sample temperature differs by more than 2°C from the
buffer solution, the measured pH values must be corrected.

7.3.5 Report the results as “soil pH measured in 0.01 M CaClp".
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8.0 QUALITY CONTROL

8.1 Duplicate samples and check standards should be analyzed routinely.

8.2 Electrodes must be thoroughly rinsed between samples.

_9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

10.1 None required.
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METHOD 9050

SPECIFIC CONDUCTANCE

1.0 SCOPE AND APPLICATION

1.1 Method 9050 is used to measure the specific conductance of drinking,
ground, surface, and saline waters and domestic and industrial aqueous wastes.
Method 9050 is not applicable to solid samples.

2.0 SUMMARY OF METHOD

2.1 The specific conductance of a sample 1is measured using a self-
contained conductivity meter (Wheatstone bridge-type or equivalent).

2.2 Whenever possible, samples are analyzed at 25°C. If samples are
analyzed at different temperatures, temperature corrections must be made and
results reported at 25°C.

3.0 INTERFERENCES

3.1 Platinum electrodes can degrade and cause erratic results. When

this happens, as evidenced by erratic results or flaking off of the platinum
black, the electrode should be replatinized.

3.2 The specific conductance cell can become coated with oil and other
materials. It is essential that the cell be thoroughly rinsed and, if
necessary, cleaned between samples.

4,0 APPARATUS AND MATERIALS

4.1 Self-contained conductivity instruments: an instrument consisting
of a source of alternating current, a Wheatstone bridge, null indicator, and a
conductivity cell or other instrument measuring the ratio of alternating
current through the cell to voltage across it. The latter has the advantage
of a linear reading of conductivity. Choose an instrument capable of
measuring conductivity with an error not exceeding 1% or 1 umho/cm, whichever
is greater.

4.2 Platinum-electrode .or non-platinum-electrode specific conductance

cell.
4.3 Water bath.

4.4 Thermometer: capable of being read to the nearest 0.1°C and
covering the range 23°* to 27°C. An electrical thermometer having a small
thermistor sensing element is convenient because of its rapid response.
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5.0 REAGENTS

5.1 Conductivity water: Pass distilled water through a mixed-bed
dejonizer and discard first 1,000 mL. Conductivity should be less than 1
umho/cm.

5.2 Standard potassium chloride (0.0100 M): Dissolve 0.7456 g anhydrous
KC1 in conductivity water and make up to 1,000 mL at 25°C. This solution will
have a specific conductance of 1,413 umho/cm at 25°C.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

6.2 All sample containers must be prewashed and thoroughly rinsed. Both
plastic and glass containers are suitable.

6.3 Aqueous samples should be stored at 4°C and analyzed within 24-hr.

7.0 PROCEDURE

7.1 Determination of cell constant: Rinse conductivity cell with at
least three portions of 0.01 N KCl solution. Adjust temperature of a fourth
portion to 25.0 + 0.1°C. Measure resistance of this portion and note
temperature. Compute cell constant, C:

C = (0.001413) (Rgc]) 1 + 0.0191 (t - 25)

where:

Rkcy = measured resistance, ohms; and

t = observed temperature, °C.

. 7.2 Conductivity measurement: Rinse cell with one or more portions of
sample. Adjust temperature of a final portion to 25.0 + 0.1°C. Measure
sample resistance or conductivity and note temperature.

7.3 Calculation: The temperature coefficient of most waters is only
approximately the same as that of standard KC1 solution; the more the
temperature of measurement deviates from 25.0°C, the greater the uncertainty
in applying the temperature correction. Report all conductivities at 25.0°C.
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7.3.1 When sample resistance is measured, conductivity at 25°C is:

@ « . (1,000,000} (c)
"R

1 + 0.0191 (t - 25)

where:

K = conductivity, umho/cm;

C = cell constant, cm-L;

Rm = measured resistance of sample, ohms; and
t = temperature of measurement.

7.3.2 When sample conductivity is measured, conductivity at 25°C
is:
. (Km)(l,OO0,000)(C)
K= 1300191 (t = 25)

where:

Kn = measured conductivity, umho at t°*C, and other units
are defined as above.

NOTE: If conductivity readout is in umho/cm, delete the factor 1,000,000
in the numerator.

& 8.0 QUALITY CONTROL

8.1 Al1l quality control data should be maintained and available for easy
reference or inspection.

8.2 Analyze check standards after approximately every 15 samples.

8.3 Run 1 duplicate sample for every 10 samples.

9.0 METHOD PERFORMANCE

9.1 Three synthetic samples were tested with the following results:

Relative
Conduc- " Standard Relative
tivity No. of Deviation Error
umhos/cm Results % %
147.0 117 8.6 9.4
303.0 . 120 7.8 1.9
228.0 120 8.4 3.0
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10.0 REFERENCES

1 Standard Methods for the Examination of Water and Wastewater, 16th ed.

. (1985), Method 205.
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METHOD 9060

TOTAL ORGANIC CARBON

1.0 SCOPE AND APPLICATION

1.1 Method 9060 is used to determine the concentration of organic carbon
in ground water, surface and saline waters, and domestic and industrial
wastes. Some restrictions are noted in Sections 2.0 and 3.0.

1.2 Method 9060 is most applicable to measurement of organic carbon
above 1 mg/L.

2.0 SUMMARY OF METHOD

2.1 Organic carbon is measured using a carbonaceous analyzer. This
instrument converts the organic carbon in a sample to carbon dioxide (C07) by
either catalytic combustion or wet chemical oxidation. The CO» formed is then
either measured directly by an infrared detector or converted to methane (CHg)
and measured by a flame ionization detector. The amount of COp or CHg in a

sample is directly proportional to the concentration of carbonaceous material
in the sample.

2.2 Carbonaceous analyzers are capable of measuring all forms of carbon
in a sample. However, because of various properties of carbon-containing
compounds in liquid samples, the manner of preliminary sample treatment as
well as the instrument settings will determine which forms of carbon are

actually measured. The forms of carbon that can be measured by Method 9060
are: '

1. Soluble, nonvolatile organic carbon: e.g., natural sugars.

2. Soluble, volatile organic carbon: e.g., mercaptans, alkanes, low
molecular weight alcohols.

3. Insoluble, partially volatile carbon: e.g., low molecular weight
oils.

-4. Insoluble, particulate carbonaceous materials: e.g., cellulose
fibers.

5. Soluble or insoluble carbonaceous materials adsorbed or entrapped
on insoluble inorganic suspended matter: e.g., oily matter adsorbed
on silt particles. -

2.3 Carbonate and bicarbonate are inorganic forms of carbon and must be
separated from the total organic carbon value. Depending on the instrument
manufacturer's instructions, this separation can be accomplished by either a
simple mathematical subtraction, or by removing the carbonate and bicarbonate
by converting them to COp with degassing prior to analysis.
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3.0 INTERFERENCES

3.1 Carbonate and bicarbonate carbon represent an interference under the
terms of this test and must be removed or accounted for in the final calcula-
tion.

3.2 This procedure is applicable only to homogeneous samples which can
be injected into the apparatus reproducibly by means of a microliter-type
syringe or pipet. The openings of the syringe or pipet limit the maximum size
of particle which may be included in the sample.

3.3 Removal of carbonate and bicarbonate by acidification and purging
with nitrogen, or other inert gas, can result in the loss of volatile organic
substances.

4.0 APPARATUS AND MATERIALS

4.1 Apparatus for blending or homogenizing samples: Generally, a
Waring-type blender is satisfactory.

4.2 Apparatus for total and dissolved organic carbon:

4,2.1 Several companies manufacture analyzers for measuring
carbonaceous material in 1liquid samples. The most appropriate system
should be selected based on consideration of the types of samples to be

analyzed, the expected concentration range, and the forms of carbon to be
measured.

4,2,2 No specific analyzer 1is recommended as superior. If the
technique of chemical oxidation is used, the laboratory must be certain

that the instrument is capable of achieving good carbon recoveries in
samples containing particulates.

5.0 REAGENTS

5.1 ASTM Type II water (ASTM D1193): Water should be monitored for
impurities, and should be boiled and cooled to remove CO;.

* 5.2 Potassium hydrogen phthalate, stock solution, 1,000 mg/L carbon:
Dissolve 0.2128 g of potassium hydrogen phthalate (primary standard grade) in
Type II water and dilute to 100.0 mL.

NOTE: Sodium oxalate and acetic. acid are not recommended as stock
solutions.

5.3 Potassium hydrogen phthalate, standard solutions: Prepare standard
solutions from the stock solution by dilution with Type II water.
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5.4 Carbonate-bicarbonate, stock solution, 1,000 mg/t carbon: Weigh
0.3500 g of sodium bicarbonate and 0.4418 ¢ of sodium carbonate and transfer
‘ both to the same 100-mbL volumetric flask. Dissolve with Type II water.

5.5 Carbonate-bicarbonate, standard solution: Prepare a
standards similar to Step 5.3.

NOTE: This standard is not required by some instruments.

series of

5.6 Blank solution: Use the same Type II water as was used to prepare
the standard solutions.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

6.2 Sampling and storage of samples in glass bottles is preferable.
Sampling and storage in plastic bottles such as conventional polyethylene and
cubitainers is permissible if it 1{is established that the containers do not
contribute contaminating organics to the samples.

NOTE: A brief study performed in the EPA Laboratory indicated that Type

IT water stored in new, 1-qt cubitainers did not show any increase
in organic carbon after 2 weeks' exposure.

6.3 Because of the possibility of oxidation or bacterial decomposition
of some components of aqueous samples, the time between sample collection and

, the start of analysis should be minimized. Also, samples should be kept cool
. (4°C) and protected from sunlight and atmospheric oxygen.

~) 6.4 In instances where analysis cannot be performed within 2 hr from
- time of sampling, the sample is acidified (pH < 2) with HC1 or HySO4.

7.0 PROCEDURE

7.1 Homogenize the sample in a blender.

NOTE: To avoid erroneously high results, 1inorganic carbon must be
accounted for. The preferred method 1{s to measure total carbon and

. inorganic carbon and to obtain the organic carbon by subtraction.
If this is not possible, follow Steps 7.2 and 7.3 prior to analysis;
however, volatile organic carbon may be lost.

7.2 Lower the pH of the sample to 2.
7.3 Purge thevsamp1e with nitrogen for 10 min.

7.4 Follow instrument manufacturer's instructions for calibration,
procedure, and calculations.

7.5 For calibration of the instrument, a series of standards should be
used that encompasses the expected concentration range of the samples.
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7.6 Quadruplicate analysis is required. Report both the average and the
range.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.3 Verify calibration with an independentiy prepared check standard
every 15 samples.

8.4 Run one spike duplicate sample for every 10 samples. A duplicate

sample is a sample brought through the whole sample preparation and analytical
process.

9.0 METHOD PERFORMANCE

9.1 Precision and accuracy data are available in Method 415.1 of Methods
for Chemical Analysis of Water and Wastes.

10.0 REFERENCES

1. Annual Book of ASTM Standards, Part 31, "Water," Standard D 2574-79,
p. 469 (1976).

2. Standard Methods for the Examination of Water and Wastewater, 14th ed.,
p. 532, Method 505 (1975).

9060 — 4
Revision _ 0
Date September 1986

300715



Steart

7.1

Homogenizze
the sample in
a blender

2]

Lower the
sample pH

7.3

Purge the
sample with
nitrogen

METHOO S060
TOYAL ORGANIC CARBON

9060 - 5

7.4

fFollow menufecturer’'s
instructions for
cslibration,
procecdure, end
calculastions using
carbonsceous snalyzer

7.5

Use series of
standards for
calibration

7.6

Guadruplicate
snalysis

Stop

Revision 0
Date September 1986

300716




METHOD 9080

CATION-EXCHANGE CAPACITY OF SOILS (AMMONIUM ACETATE)

1.0 SCOPE AND APPLICATION

1.1 Method 9080 is used to determine the cation-exchange capacity of
soils. The method is not applicable to soils containing appreciable amounts
of vermiculite clays, kaolin, halloysite, or other l:1-type clay minerals.
They should be analyzed by the sodium acetate method (Method 9081). That
method (9081) is also generally the preferred method for very calcareous
soils. For distinctly acid soils, the cation-exchange capacity by summation
method (Chapman, p. 900; see Paragraph 10.1) should be employed.

2.0 SUMMARY

2.1 The soil is mixed with an excess of 1 N ammonium acetate solution.
This results in an exchange of the ammonium cations for exchangeable cations
present in the soil. The excess ammonium is removed, and the amount of
exchangeable ammonium is determined.

3.0 INTERFERENCES

3.1 Soils containing appreciable vermiculite clays, kaolin, halloysite,
or other 1:1-type clay minerals will often give lower values for exchange
capacity. See Paragraph 1.1 above. :

3.2 With calcareous soils, the release of calcium carbonate from the
soil into the ammonium acetate solution limits the saturation of exchange
sites by the ammonium ion. This results in artificially low cation-exchange
capacities.

4.0 APPARATUS AND MATERIALS

4.1 Erlenmeyer flask: 500-mL.

4.2 Buchner funnel or equivalent: 55-mm.

4,3 Sieve: 2-mm.

4.4 Aeration apparatus (assembled as in Figure 1):

4.4.1 Kjeldahl flask: 800-mL.
4.4.2 Erlenmeyer flask: 800-mlL.
4.4.3 Glass wool filter.
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1o Next Unit
— ﬁ e~y Suction
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From Air Scrubbers {Aeration Rate of
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§, § Per Hour)
Orifice !
W=t in Glass ;
C 1 Tube } ! !
H ooy
[
! i
800-mi : N
Kjeldahl  ewwd
Fiask
1wl Orifice
Rl in Glass
\KJ Tube
500-m}
Wide Mouth
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Soil Sample Flask
el oS Plus 150 mi.
Y AL
":‘.’-\é et 5% N2,CO3 N/10 HSO
DTN R M) i 2t
'L ;: -.-‘c':"‘ and in 100 mi
LIRS Few Drops Water.
22t Paratfin Oil
* Figure 1. Diagram of aeration unit for determination of absorbed ammonia. Six to twelve

such units is a convenient number for routine work; they can be mounted on a portable rack.
(Apparatus as modified by Dr. A. P. Vanselow, Dept. of Soils & Plant Nutrition, Univerity of

Catifornia, Riverside, Calif.).
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4.4.4 Glass tubing.

4.4.5 Flow meter.

5.0 REAGENTS

5.1 Ammonium acetate (NH4OAc), 1 N: Dilute 114 mL of glacial acetic
acid (99.5%) with water to a volume of approximately 1 liter. Then add 138 mL
of concentrated ammonium hydroxide (NH40H) and add water to obtain a volume of
about 1,980 mL. Check the pH of the resulting solution, add more NH40H, as

needed, to obtain a pH of 7, and dilute the solution to a volume of 2 liters
with water. '

5.2 Isopropyl alcohol: 99%.

5.3 Ammonium chloride (NH4C1), 1 N: Dissolve 53.49 g of NH4C1 in Type

. II water, adjust the pH to 7.0 with NH40H, and dilute to 1 L.

5.4 Ammonium chloride (NHsC1), 0.25 N: Dissolve 13.37 g of NH4Cl in
Type II water, adjust the pH to 7.0 with NH40H, and dilute to 1 L.

5.5 Ammonium oxalate ((NHg)2Cp04-Hp0), 10%: Add 90 mL of T&pe IT water
to 10 g of ammonium oxalate ((NH4§2C204~H20) and mix well.

5.6 Dilute ammonium hydroxide (NH40H): Add 1 volume of concentrated
NH40H to an equal volume of water.

5.7 Silver nitrate (AgNO3). 0.10 N:  Dissolve 15.39 g of NgNO3 in Type
11 water, mix well, and dilute to 1 L.

5.8 Reagents for aeration option: -

5.8.1 Sodium carbonate solution (Na»C03), -5%: Add 95 mL of Type II
water to 5 g of NapCO3 and mix well.

5.8.2 Paraffin oil.

5.8.3 Sulfuric acid (HpS04), 0.1 N standard: Add 2.8 mL
concentrated HyS04 to Type II water and dilute to 1 L. Standardize
aYainst a base of known concentration.

5.8.4 Sodium hydroxide (NaOH), 0.1 N standard: Dissolve 4.0 g NaOH
in Type II water and dilute to 1 L. Standardize against an acid of known
concentration. '

5.8.5 Methyl red indicator, 0.1%: Dissolve 0.1 g in 99.9 mL of 95%
ethanol and mix well.
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5.9 Reagents for distillation option:

5.9.1 Sodium chloride, NaCl (acidified), 10%: Dissolve 100 g of
NaCl (ammonium-free) in 900 mL of Type II water; mix well. Add
approximately 0.42 mL of concentrated HCl to make the solution
approximately 0.005 N.

5.9.2 Sodium hydroxide (NaOH), 1 N: Dissolve 40 g of NaOH in Type
11 water and dilute to 1 L.

5.9.3 Boric acid (H3B03), 2% solution: Dissolve 20 g H3BO3 in 980
mL Type II water and mix well.

5.9.4 Standard sulfuric acid (HpSO4), 0.1 N: See Step 5.8.3.

5.9.5 Bromocresol green-methyl red mixed indicator: Triturate
0.1 g of bromocresol green with 2 mL 0.1 N NaOH in an agate mortar and
add 95% ethyl alcohol to obtain a total volume of 100 mL. Triturate
0.1 g of methyl red with a few mL of 95% ethyl alcohol in an agate
mortar. Add 3 mL of 0.1 N NaOH and dilute the solution to a volume of
100 mL with 95% ethyl alcohol. Mix 75 mL of the bromocresol green

solution with 25 mL of the methyl red solution and dilute the mixture to
200 mL with 95% ethyl alcohol.

6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING

6.1 All samples must be collected using a sampling plan that addresses
the considerations discussed in Chapter Nine of this manual.

7.0 PROCEDURE

7.1 Sieve a sample aliquot of the soil through a 2-mm screen and allow
the sieved soil to air dry (at a temperature of (60°C). Place 10 g of the
air-dried soil in a 500-mL Erlenmeyer flask and add 250 mL of neutral, 1 N
NH40Ac. (Use 25 g of soil if the exchange capacity is very low, e.g., 3-5 megq
per 100 g.) Shake the flask thoroughly and allow it to stand overnight.

7.2 Filter the soil with 1ight suction using a 55-mm Buchner funnel or
eqliivalent. Do not allow the soil to become dry and cracked.

7.3 Leach the soil with the neutral NH40Ac reagent until no test for
calcium can be obtained in the effluent solution. (For the calcium test, add
.a few drops each of 1 N NH4Cl1 and 10% ammonium oxalate, dilute NHz0H to 10 mL

of the leachate in a test - tube, and heat the solution to near the boiling

point. The presence of calcium is indicated by a white precipitate or
turbidity.)

7.4 Then Teach the soil four times with neutral 1 N NH4C1 and once with
0.25 N NHiCl.
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alcohol. When the test for chloride in the leachate (use 0.10 AgNO3) becomes -

7.5 Wash out the electrolyte with 150 to 200 mL of 99% isopropyl

negligible, allow the soil to drain thoroughly.

7.7)

7.6 Determine the adsorbed NH4 either by the aeration method (Paragraph
or by the acid-NaCl method (Paragraph 7.8).

7.7 Aeration method:

7.7.1 Place an excess of 0.1 N standard HpS04 1in the 500-mL
Erlenmeyer flask on the aeration apparatus (50 mL is an ample quantity
for most soils) and add 10 drops of methyl red indicator and enough
distilled water to make the total volume about 100 mL.

7.7.2 Attach the flask to the apparatus. Then transfer the
ammonium-saturated sample of soil (from Paragraph 7.5) quantitatively to
the 800-mL Kjeldahl flask 1located in the flow line just before the
Erlenmeyer flask with the standard acid. Use a rubber policeman and a

stream of distilled water from a wash bottle, as needed, to complete the
transfer.

7.7.3 Add 150 mL NayC03 solution and a few drops of paraffin oil
and attach the flask to the apparatus.

7.7.4 Apply suction to the outflow end of the apparatus and adjust
the rate of flow to 450 to 500 liters of air per hr. Continue the
aeration for 17 hr.

7.7.5 Shut off the suction and remove the flask. Titrate the
residual acid in the absorption solutions with standard 0.1 N NaOH from
the original red color through orange to yellow at the end point. From
the titration values obtained with the soil and blank solutions,

calculate the content of adsorbed ammonium in milligram equivalents per
100 g soil.

7.8 Acid-NaCl method:

7.8.1 Leach the ammonium-saturated soil from Paragraph 7.5 with 10%
acidified NaCl until 225 mL have passed through the sample. Add small

portions at a time, allowing each portion to pass through the sample
before adding the next portion.

7.8.2 Transfer the leachate quantitatively to an 800-mL Kjeldahl
flask, add 25 mL of 1 N NaOH, and distill 60 mL of the solution into
50 mL of 2% H3BO3.

7.8.3 Add 10 dropslbf bromocresol green-methyl red mixed indicator
and titrate the boric acid solution with standard 0.1 N HpSO4. The color
change is from bluish green through bluish purple to pink at the end

point. Run blanks on the reagents. Correct the titration figure for the

blanks and calculate the milliequivalents of ammonium in 100 g of soil.
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7.8.4 Results should be reported as “"determined with ammonium
acetate” at pH 7.

8.0 QUALITY CONTROL

8.1 All quality control data should be maintained and available for easy
reference or inspection.

8.2 Employ a minimum of one blank per sample batch to determine if
contamination or any memory effects are occurring.

8.3 Material of known cation-exchange capacity must be routinely
analyzed.
9.0 METHOD PERFORMANCE

9.1 No data provided.

10.0 REFERENCES

1. This method is based on Chapman, H.D., "Cation-exchange Capacity,"
pp. 891-900, in C.A. Black (ed.), Method of Soil Analysis, Part 2: Chemical
and Microbiological Properties, Am. Soc. Agron., Madison, Wisconsin (1965).
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The method described is appropriate for the detarmination of antimony, arsenic, beryllium, cadmium,

-

ic compounds in biological tissue, Storage times and conditions

ade utilizing the appropeiate instrumentation as recommended in EPA CLP, as are
organ

method performance parameters.

instrument and method performancs, initial and on-going calibration, and quality assurance and quality

digestion procedures as described in EPA CLP (7000 series) are appropriate for the method. Monitoring of
control monitoring of data, should be performed as stated in EPA CLP,

Flnmoldumiamgmiud. subssmpled, and digested using wes oxidation meshods, Elemental
Sample handling, preperation and storage afier collection should follow the recommendation previously

chromium, copper, lcad, mercury, nickel, selenium, silver, thallium, and zinc in biological tissues, Ackd
described for determinaton of

detarminations are m

consistent with those stated in EPA CLP for the determination of metals in water samples would de

approriate for extracted samples.
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